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THE NON-EXISTENCE OF ‘PROTAGON’ ASA DEFINITE 
CHEMICAL COMPOUND. By OTTO ROSENHEIM, 
Ph.D. and M. CHRISTINE TEBB. 


(From the Physiological Laboratory, Kisg/e College, London.) 


In 1865 Liebreich' obtained a crystalline substance from brain by 
means of a simple extraction process (either with ether alone, or with 
alcohol after preliminary treatment with ether). He considered it to be 
the mother-substance of all the bodies previously isolated from brain ; 
these bodies were regarded by him as decomposition products of the 
mother-substance, to which he therefore gave the name of Protagon. 
Liebreich disregarded the results of previous workers in this field. 
As early as 1834 Couerbe“ had prepared and analysed a substance 
which he called cérébrote; this was obtained from brain by a process 
of which Liebreich’s was merely a modification. Liebreich’s views 
were at first generally accepted“, but were discarded a few years later 
mainly on account of Diaconow’s work‘. Diaconow considered 
protagon to be a mixture of cerebrin and lecithin. Thudichum 
(1874) was the first to show the true nature of protagon; he proved 
that it was not a definite chemical compound and that it consisted 
of a mixture of substances, several of which he separated out in 
crystalline form. In 1879, however, protagon was rehabilitated by the 
investigations of Gamgee and Blankenhorn’, which seemed to 


I Liebig’s Annalen, XV. p. 29. 1865. 

For a complete history of the subject see Thudichum, Die chem. Konstitution des 
Gehirns des Menschen u. der Thiere, Tuebingen, 1901, and Posner and Gies, Journ. of 
Biol, Chem. 1. p. 59. 1905. 

2 Annales de chimie et de physique, uvi. p. 160. 1834. 

3 No doubt the fact that protagon shows a microcrystalline structure influenced 
chemists to accept it as a uniform chemical substance. This fact also had been described 
before Liebreich’s observations by v. Bibra (Vergl. Unters. ü. d. Gehirn, eto., 1854). 

* Centralbl. f. d. med. Wissensch. vi. p. 97. 1868. 

o Zeitechr. f. physiol, Chem, If. p. 260. 1879, See also Gamgee, Physiol. Chem. of 
the Animal Body, p. 427. London, 1880. 
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corroborate those of Liebreich. Thudichum's objections, based on 
laborious work, were disregarded and from that time protagon was again 
considered to be a definite chemical compound by subsequent workers 
(Geoghegan, Parkus, Baumstark, Kossel and Freytag, Ruppel, 
Zuelzer, Noll). Kossel and Freytag’s' work really confirmed the 


results of Thudichum, but instead of accepting his views they explained 
the varying phosphorus percentage of their substances by assuming the 


existence of various protagons. In 1900 Wörner and Thierfelder“ 
also noticed the impossibility of obtaining a substance of uniform phos- 
phorus percentage on repeated recrystallisations of protagon, and Koch- 
(1902) as well as Lesem and Gies“ (1902) obtained similar results. 
These researches threw considerable doubt on the uniformity of protagon, 
until the work of Cramer‘ (1904) in Liebreich’s laboratory, once more 
lent credence to it. 

Under these circumstances a reinvestigation of the whole question 
seemed desirable, especially as the method already published by one of 
us“ for the preparation of cholesterin from brain afforded a ready means 
for the systematic investigation of the other chemical constituents of 
brain. While our work was in progress Posner and Gies’ published 
a paper dealing with the same subject. Their results, obtained by 
somewhat different methods, agree with ours and confirm Thudichum’s 
views. 

We have prepared protagon by Liebreich’s method (as modified by 
Gamgee and Blankenhorn and also by Cramer) and by a new 
method in which acetone instead of alcohol is used as the solvent. We 
have further prepared cérébrote according to Couerbe’s directions so 
as to investigate its identity or otherwise with protagon. In order to 
determine its constancy of composition we have relied on phosphorus 
and nitrogen estimations before and after repeated recrystallisations 
under the conditions described by the several authors. We further 
subjected protagon to fractional crystallisations at different temperatures 
(the method employed by Thudichum) and with different solvents. 
We have also, as a further test of uniform composition, investigated the 
optical activity and the amount of galactose formed on hydrolysis. 

For convenience of reference we give in the following table the 


Zeitschr. f. physiol. Chem. xvm. p. 431. 1898. 

- 4 Ibid. xxx. p. 542. 1900. 

Amer. Journ. of Physiol. vin. p. 183. 1902. 
This Journal, XXII. p. 80, 1904. ‘ 
O. Rosenheim. This Journal, xxx1v. p. 104. 1906. ? Loe. cit, 


~ ® Ibid. XXXVI. p. 184. 1902. 
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_PROTAGON 
composition and method of preparation of protagon by different 
workers. 

TABLE I. 


66°30 10°46 229 108 Repeated extraction with aloo- 


1. Couerbe’s Cérébrote. 


It will be seen from the above table that Couerbe’s eérébrote 
represents in realjty a crude protagon. The only serious modification 
in the process of its preparation introduced by Liebreich consists in 
the extraction with alcohol at 45° C. instead of at its boiling point and 
in subsequent recrystallisation of the product, The reason for the choice 
of this temperature of 45° is Liebreich’s statement that protagon 
seems to be decomposed at higher temperatures. This fear is, however, 
quite unfounded as has been shown by Thudichum and acknowledged 
by Gamgee. Cramer, the latest worker to uphold the entity of pro- 
tagon, has used boiling alcohol again for its preparation. 

We prepared cérébrote exactly according to Couerbe’s directions, 
using sheep brains. The raw product was subsequently freed from 
cholesterin by extraction with ether in a Soxhlet’s apparatus. It was 
then three times recrystallised from boiling 85°/, alcohol. The following 
results were obtained on analysis? (see Table II.). : 


1 All the substances were dried in vacuo and the analyses were carried out in duplicate. 
Phosphorus was estimated by Neumann’s method and nitrogen by Kjeldahl's. 


1—2 


‘ c H N P Shott description of method * 

° * 28298888 67°82 11:10 840 283 Extraction of brain with cold 

ether, followed repeated ex- 

Liebreich’s protagon 66-74 11-74 280 128 Sxtraction with cold ether and | 1 
(1865) water at 0° O. followed by ex- ; 

traction with alcohol at 45°. 

Alcoholic extracts deposit pro- 

tagon when placed on ice. : 
Recrystallised from alcohol. 1 

— 4 

from cholesterin ether. 

Reorystallised three 

6635 1098 2-29 104 Brain is treated with —— 

pis afterwards freed from 
by ether. Twice 4 

reorystallised. 
q 
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TABLE II. 
Analysis of Cowerbe’s Cérébrote. 


1 The high nitrogen figures of the first preparation were thought to be due to particles 
of brain tissue which had passed through the muslin used for filtration. In the second 


preparation therefore a perfectly clear filtrate was obtained by filtration through paper. 


It will be seen that the phosphorus figures of the crude product are 
considerably lower than Couerbe’s, but agree well with those of 
protagon. The nitrogen on the other hand is higher; on recrystallisation 3 
a certain amount of the crude product did not dissolve, and this portion, 7 
removed by filtration, showed a very high nitrogen percentage, whereas } 
in the recrystallised portion the nitrogen percentage is markedly lower. 
Boiling alcohol seems therefore to extract a highly nitrogenous substance, 
an observation which was also made with the preparation of protagon 
according to Cramer, although the previous coagulation of the proteins 
by sodium sulphate in this process no doubt excludes the possibility of 
any admixture of protein. 

In its behaviour towards solvents and in its physical characters a 
(crystalline form, etc.) cérébrote closely resembles protagon, and these 1 
facts taken together with the similarity of their method of preparation 2 
leave no doubt that we have to deal with the same substance under two 
different names. 


2. Gamgee and Blankenhorn’s Protagon. 


Gamgee and Blankenhorn modified Liebreich’s method by 
omitting the treatment of the brain with ether and water at 0° C. before 
the alcohol extraction at 45°C. on account of the difficulty of separating 
the ether from the swollen brain tissue. The product, which was 
deposited on cooling the alcoholic extracts, was subsequently treated 
with ether to free it from cholesterin. As this method has practical 
advantages it was adopted by all later workers. 

We prepared Gamgee and Blankenhorn’s protagon from ox brain 


Ist preparation 2nd preparation ! 
P N P 
Orude product, cholesterin free 1-09 4-34 1-02 4-43 3 
Once recrystallised 0-68 2-21 — 
4 Thrice recrystallised 0°65 2-08 — 9 i 
3 Insoluble residue of third 0-60 2°24 — — 5 
recrystallisation 
: Solids in mother liquid of third 0°99 — — * 
1 


PROTAGON 7 5 


following their instructions in detail. The crude product, free from 
cholesterin, was recrystallised from 85°/, alcohol at 45°. The following 
figures were obtained on analysis. 


Analysis of Gamgee and Blankenhorn’s Protagon. 
P N 
Crude protagon, cholesterin free? 1-18 8°79 
Recrystallised protagon 0-91 2-49 
In a second preparation the extracts were filtered through paper instead of muslin, 
in order to avoid admixture of brain tissue. This crude protagon gave the following 
figures on analysis P= 107 %, N=2-28 %, 


The crude protagon, prepared according to Gamgee and Blanken- 
horn, evidently resembles Couerbe’s cérébrote in its nitrogen and 
phosphorus percentage very closely. The recrystallised protagon shows 

a slightly lower phosphorus percentage than that of Gamgee and 
Blankenhorn, whose analytical figures for phosphorus were also 
slightly lower than Liebreich's. 

This recrystallised substance (which according to 1 and 
Blankenhorn represents pure protagon) was subjected to fractional 
crystallisation. Forty grammes were suspended in 4 litres of 85°/, 
alcohol. The contents of the flask were kept at 45° for 5 hours, being 
stirred mechanically during the whole time. On filtration 6°7 g. 
remained on the filter as undissolved protagon. The filtrate was 
cooled on ice when 26 g. were deposited and subsequently removed by 
filtration. The mother liquor on evaporation yielded 29 g. 


TABLE III. 
Showing the products of fractional crystallisation obtained from once 
crystallised protagon by treatment with 85 % alcohol at 45°. 


F N%, PIN 
Original protagon once recrystallised 0-91 2°49 1:6 
I. Fraction at 0°=twice recrystallised protagon 0°04 2-20 1:5 
II. Insoluble fraction at 45° 0-19 1/87 1:22 
III. Fraction from mother liquid 2°28 — 


It will be seen that in this process of fractional crystallisation which 
evidently cannot effect any serious chemical decomposition, this sample 
of pure protagon furnished fractions of varying phosphorus and nitrogen 
percentage. The relationship P:N also undergoes marked changes. 
The insoluble fraction from which Thudichum separated a phosphorus- 
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free substance, which he called “Phrenosin',” has always been neglected 
by workers on protagon, as has been the case with the phosphorus-rich 
one kept in solution after the filtration of the fraction called protagon. 
But there can be no doubt that they formed part of the original 
protagon, which has been considered as a body of definite chemical 
constitution. 

The substance obtained as fraction I. in the above treatment, and 
which represents twice recrystallised protagon, was now subjected to 
fractional crystallisation with acetone at different temperatures, It had 
been noticed in some earlier experiments that acetone formed a suitable 


solvent for protagon. Its relatively low boiling point (56°) and chemical 


inertness allow of its use at boiling point without fear of subjecting the 
protagon to any chemical decomposition. It was further noticed that 
the solutions of protagon in acetone began to deposit a precipitate on 
cooling at about 40° which increased until the temperature had fallen to 
30°. This precipitate settled down rapidly and was easy to filter. The 
solution filtered at 30° kept perfectly clear until the temperature fell 
to about 25°—20°, when a further precipitate formed, which was quite 
different in physical appearance, being somewhat gelatinous and very 
difficult to filter. The appearance of the dried products was also quite 
different, the one obtained at 30° being a white powder, that deposited 
at a lower temperature a yellowish, somewhat waxy substance’. 


1 Gamgee (see Textbook, loc. cit. p. 441) has also obtained from this residue a 
substance practically free from phosphorus, which he termed ‘‘ pseudocerebrin.” Thier- 
felder (Zeitschr. f. physiol. Chem. Xn. p. 21. 1904) has acknowledged that his 
‘*eerebron,” which he extracted from protagon by means of such solvents as benzene or 
chloroform mixed with alcohol, is identical with Gamgee's pseudocerebrin, He obtained 
from it by acid hydrolysis the same products which Thudichum had previously obtained 
from phrenosin, namely galactose, cerebronic acid (Thudichum’s neurostearic acid) and 


_ sphingosine, a base already described by Thudichum. Lately Kitagawa and Thier- 


felder (ibid, Ax. p. 286. 1906) stated that they obtained by hydrolysis in methyl- 
alcoholic solution another base, and therefore doubt the uniformity of sphingosin. They 
seem to have quite overlooked the fact that Thudichum also obtained at least one other 


solution, and that this base, when further treated with acid in aqueous solution, is split 
into sphingosine and cerebrose (galactose). Koch (Amer. Journ. of Physiol. xt. p. 810. 1904) 
pointed out that Thudichum’s phrenosiz and Thierfelder’s cerebron (Gamgee’s 
pseudocerebrin) are identical. Posner and Gies (loc, cit.) urge the retention of the 
name phrenosin given to this substance by Thudichum, who was the first to isolate it. 
In view of the evident identity of phrenosin „ cerebron as shown by their methods of 
preparation, properties and hydrolytic products, we are also of opinion that Thudichum’s 
original term phrenosin should be retained. 

Very similar observations had already been made by Thudichum, who used, how- 
ever, alcohol as a solvent. His results were confirmed by Posner and Gies. 


base, called by him psychosine, from the products of acid hydrolysis in ethyl-aleoholic _ 
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Twenty grammes of the twice recrystallised protagon (Gamgee and 
Blankenhorn) were subjected therefore to a quantitative fractional 


crystallisation at various temperatures and the resulting products 
analysed; 23 litres of acetone were used. 
The results are shown in the following table. 


TABLE IV. | 
protagon by acetone at different temperatures. 


Weight in gra. F % N P:N 

Original protagon (twice recrystallised) 20°00 o-04 2°20 1:6. 
(i) at 38° 174 1°40 2°54 a: 4 
(ii) at 20° 8°29 0 ˙21 1°81 1:18 

(iii) at 5° 0°35 

II. Insoluble protagon 12°09 1°06 2-41 1:5 
III. Solids in the mother liquid ?? o-4e' — — 

1 One analysis only. 


2 Through an accident some of this was lost. 


The results of this experiment show clearly that from pure (twice 


recrystallised) protagon substances of widely different phosphorus and 
nitrogen percentages may be separated by means of fractional crystal- 
lisation, a method excluding any chemical decomposition. From a sub- 
_ stance containing 0°94 % of phosphorus, fractions were obtained by one 
operation which contained as much as 1°40°/, and as little as 0°21 °/, of 
phosphorus. It is clear from this result alone that we have to deal 
here not with a uniform single chemical substance, but with a mixture 
of substances. 

Nevertheless it might conceivably be argued that the twice re- 
crystallised protagon employed for this experiment was not yet quite 
pure and that the fractions showing a higher or a lower phosphorus and 
nitrogen percentage are impurities, the main fraction representing the 
real protagon with 105% phosphorus and 2°41°/, nitrogen. This 
specimen of protagon had so far only been subjected ‘to recrystallisation 
by means of the two solvents alcohol and acetone. Before studying the 
effect of another solvent this main fraction was again recrystallised from 
alcohol at 45° and the recrystallised product was treated with acetone 
at 45°. On analysis it showed now a phosphorus percentage of 1°16. _ 

One gramme of this thrice recrystallised protagon was now treated 
with a mixture of 20 c.c, methyl-aleohol and 5 C. chloroform’, in which 


1 Kitagawa and Thierfelder (loc. cit.) also made use of mixtures of methyl-alcohol 
and chloroform for the isolation of cerebron (phrenosin) from protagon. 
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it dissolved easily at 55°. At room temperature a large amount 

crystallised out showing on analysis 0°58 / phosphorus, and the mother 
_ liquid left on careful evaporation a white powder containing 187 / 

phosphorus. The results are shown in the following table. 


TABLE V. 
Showing the fractional products obtained from thrice recrystallised protagon 
by methyl-alcohol containing 20 °/, chloroform. 


Weight in grs. P% 
Original thrice crystallised protagon 1-00 1°16 
Fraction obtained at 15° 0°57 0-58 
Fraction from mother liquid 0°37 . 187 


From the result of this experiment it was to be expected that the 
original crude protagon (p. 5) would also furnish on recrystallisation 
from a similar solvent a substance much poorer in phosphorus than 
protagon. An experiment justified this a priori conclusion. Absolute 
alcohol containing 20 / chloroform was used as a solvent and the 
protagon, showing an initial phosphorus percentage of 1°18, gave on 
recrystallisation a substance with only 058°/, phosphorus. This 
experiment furnishes the most striking proof for the composite nature 
of protagon. By mere recrystallisation from a solvent different from 
those hitherto applied, the recrystallised product shows a decrease of 
50 % in its phosphorus, while the phosphorus in the more soluble 

4 fraction rises by over 60 °/,. N 


3. Oramer's Protagon. 


Cramer explained the discrepancies of the results of Wörner and 

Thierfelder and of Lesem and Gies by assuming that their prepara- 

tions of protagon were contaminated with the substance called by 

Gamgee pseudocerebrin (Thudichum’s phrenosin, Thierfelder’s 

cerebron, see note on p. 6). As these observers however had prepared 

their protagon exactly according to the classical methods, it follows 

that all protagons prepared before them must have been likewise 

contaminated. Moreover Cramer himself made no attempt to exclude 
a in his own preparations this “ contamination.” He did not subject his 
? protagon to any process of fractional crystallisation and has in no way 
proved that his protagon was not a mixture. 
1 Cramer made use in his method of an observation communicated 
to him by Liebreich that protagon is “ coagulated ” by boiling it with 
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salt solutions. He therefore heated the finely minced brain with 
sodium sulphate solution on the water-bath and subsequently extracted 
it with boiling alcohol, thus reverting to Couerbe’s method. The 
protagon, deposited from the alcoholic extracts by cooling on ice, was 
freed from cholesterin by ether and recrystallised from boiling alcohol. 
The substance thus obtained was regarded as pure protagon and 

analysed. (See Table I.) 
We prepared Cramer’s protagon from sheep brains. The finely 
minced brain was heated in a boiling water-bath with 5% sodium sulphate 
o ‘acted six times with boiling alcohol, 
: every detail. The final product, freed 
ies recrystallised from boiling alcohol. 


Re ies of a typical protagon. 
ie results of analysis. 
VI. 
| nitrogen percentages of protagon 
| Cramer's process. 
P% 
0-91 8-06 
0-91 2-15 
0-79 2-84 


‘crude Cramer’s protagon, compared 
suerbe’s cérébrote (Table II.), show a 
expected from the similarity in the 
horus percentage is a little lower 
analysis*, and this is still further 
llisation. From the method of its 

r, a very pure protagon. 

n was further subjected to a fractional 
er . temperatures as described 
before. | 

Ten grammes were digested with 3 litres of boiling acetone, and an 
insoluble residue was subsequently removed by filtration. The filtrate 
was then kept at 36°C. for many hours and the precipitate which had 
settled was separated at that temperature. The liquid was now further 


1 It has been shown by Posner and Gies that this ‘‘coagulation does not affect the 
chemical composition of protagon and that the main effect of the hot salt solution is 
merely to coagulate the proteins of the brain. 

In another preparation 1-07 % phosphorus was found. 
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it dissolved easily at 55°. At room temperature a large amount 
crystallised out showing on analysis 0°58 / phosphorus, and the mother 
liquid left on careful evaporation a white powder containing 1°67 / 
phosphorus. The results are shown in the following table. 


TABLE v. 
Showing the fractional products obtained from thrice recrystallised protagon 
by methyl-aleohol containing 20 °/, chloroform. 


Weight in gra. F 
Original thrice crystallised protagon 1-00 1-16 
Fraction obtained at 15° 0-57 0-58 
Fraction from mother liquid 0-37 . 187 


From the result of this experiment it was to be expected that the f 
original crude protagon (p. 5) would also furnish on reorystallisation : 
from a similar solvent a substance much poorer in phosphorus than 
Protagon. An experiment justified this a priori conclusion. Absolute : 
alcohol containing 20% chloroform was used as a solvent and the = 
protagon, showing an initial phosphorus percentage of 1°18, gave on 4 
recrystallisation a substance with only 0°58°/, phosphorus. This 
experiment furnishes the most striking proof for the composite nature 
of protagon. By mere recrystallisation from a solvent different from 
those hitherto applied, the recrystallised product shows a decrease of 
50 % in its phosphorus, while the phosphorus in the more soluble . 
fraction rises by over 60 °/,. a 
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3. Oramer s Protagon. | — 

a Cramer explained the discrepancies of the results of Wörner and 
Thierfelder and of Lesem and Gies by assuming that their prepara- 
tions of protagon were contaminated with the substance called by 
Gamgee pseudocerebrin (Thudichum’s phrenosin, Thierfelder's 
cerebron, see note on p. 6). As these observers however had prepared 
their protagon exactly according to the classical methods, it follows 
that all protagons prepared before them must have been likewise 

. contaminated. Moreover Cramer himself made no attempt to exclude 

. in his own preparations this “contamination.” He did not subject his 

| protagon to any process of fractional crystallisation and has in no way 

| proved that his protagon was not a mixture. 
Cramer made use in his method of an observation communicated 
to him by Liebreich that protagon is “coagulated ” by boiling it with 
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salt solutions’. He therefore heated the finely minced brain with 
sodium sulphate solution on the water-bath and subsequently extracted 
it with boiling alcohol, thus reverting to Couerbe’s method. The 
protagon, deposited from the alcoholic extracts by cooling on ice, was 
freed from cholesterin by ether and recrystallised from boiling alcohol. 
The substance thus obtained was regarded as pure protagon and 
analysed. (See Table I.) 
We prepared Cramer’s protagon from sheep brains, The finely 
minced brain was heated in a boiling water-bath with 5 % sodium sulphate 
solution and subsequently extracted six times with boiling alcohol, 
following Cramer’s directions in every detail. The final product, freed 
from cholesterin, was three times recrystallised from boiling alcohol. 
It presented the physical properties of a typical protagon. | 
The following table shows the results of analysis. 


TABLE VI. 


Showing the phosphorus and nitrogen percentages of protagon 
prepared by Cramer s process, 


P% N % 
n 0-91 8-06 
First crystallisation 0-91 2-15 
Third crystallisation 0-79 2°34 


The figures obtained for the crude Cramer’s protagon, compared 
with those of our specimen of Couerbe’s cérébrote (Table II.), show a 
great resemblance, as was to be expected from the similarity in the 
method of preparation. The phosphorus percentage is a little lower 
than that of Cramer’s published analysis“, and this is still further 
decreased by the third recrystallisation. From the method of its 
preparation it represents, however, a very pure protagon. 

This thrice crystallised protagon was further subjected to a fractional 
crystallisation from acetone at different temperatures as described 
before. 

Ten grammes were digested with 3 litres of boiling acetone, and an 
insoluble residue was subsequently removed by filtration. The filtrate 
was then kept at 36°C. for many hours and the precipitate which had 
settled was separated at that temperature. The liquid was now further 


1 It has been shown by Posner and Gies that this ‘‘ coagulation” does not affect the 
merely to coagulate the proteins of the brain. 

In another preparation 1-07 % phosphorus was found. 
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cooled at 10° when a precipitate, this time of a gelatinous nature, was 
deposited and filtered at that temperature. The results obtained on 
analysis are given below. j 
TABLE VII. 7 
Showing the fractional products obtained from eee eee 
by acetone at different temperatures. 


Weight in grs. P% N 

Original protagon (thrice recrystallised) 10°00 0°79 2°34 
I. Insoluble protagon 5°20 0-96 198 

II. Protagon fractions 
(i) at 36° 179 1-09 2°43 
(ii) at 10° 1°36 0°32 1621 
III. (i) trom concentrated mother liquid 0°24 0-82! — 
(ii) solids from final mother liquid 0°51 0-13! — 
1 One analysis only. 


The same conclusions must be drawn as in the case of Gamgee and 
Blankenhorn’s protagon. The results show that Cramer's pure 
protagon is a mixture of substances containing varying amounts of 


phosphorus and nitrogen. 


4. Protagon prepared by Extraction with Acetone. 

It has already been remarked in a former communication (loc. cit.) 
on the preparation of cholesterin from brain that the method then 
described (dehydration by means of plaster of Paris and subsequent 
extraction with cold acetone) seemed to be a convenient one for a 
systematic study of the brain constituents. It was found that after the 
complete removal of cholesterin by means of cold acetone, a substance 
was extracted by boiling acetone which in physical properties closely 
resembled protagon’, and this was obtained initially as a snow-white 
powder, free from cholesterin and necessarily free from lecithin and 
kephalin, as the two latter substances are insoluble in acetone. When 
allowed to deposit slowly from its hot solutions, it assumed the 
characteristic crystalline forms of protagon. 

In order to study its composition a large quantity was necessary 
and its preparation was directly combined with a fractional precipitation 
at different temperatures. For this purpose one quarter of the total 
extract obtained in each extraction was set apart and cooled on ice. 
The precipitates thus obtained were filtered on a filter surrounded by 


1 Ot. C. Tebb. This Journal, xxxrv. p. 106. 1906. 
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an ice-jacket and represented the unfractionated protagon. The 
remaining three quarters of each of the extracts were allowed to cool 
slowly and were filtered at different temperatures as described before 
and the fractions thus obtained analysed separately. 

Nine ox brains, weighing 3150 grammes, were finely minced and 
mixed with 9500 grammes plaster of Paris. The mass was left over 
night and subsequently broken up into a coarse powder. This was 
extracted in a specially constructed apparatus at a temperature of 
10°—15° with 8 litres acetone. The extracts were concentrated by 
distilling off the acetone on the water-bath, and the extraction repeated 
until the residue obtained from 8 litres only weighed 0°7 grammes and 
gave no reaction for cholesterin. Altogether, 12 extractions were made 
and 1024 gr. raw cholesterin were obtained. (The last few extracts 
contained very little cholesterin, but a small amount of a waxy hygro- 
scopic substance containing phosphorus, which has not yet been further 
examined.) After the extraction of the cholesterin by cold acetone was 
complete, the whole apparatus was heated, by means of a current of hot 
water flowing through an outer jacket, to a temperature of 56°, the 
boiling point of acetone, for 4 hours. The apparatus was arranged so 
as to allow of filtration at a temperature of 56°. 


TABLE VIII. 
Showing the composition of protagon obtained by acetone extraction and 


Protagon three 
Welch in Weicht in Ne 
N P N 
Fraction 1 719 106 169 Ia 1947 18 O96 2°29 
Ib 1°21 0 1°47 — 
Second extraction. 
Fraction II 355 2˙11 IIa 637 80% 129 221 
IIb 249 20 # £057 1:80 
Ile 8-00 o° 10 2123 
Third and fourth extractions. 
168 2°53 
Fraction 1.66% % 16 2 164% 261 
8-23 
Total 18-50 3 Total 41°85 


Solids from mother liquids : weight 20°60 grs., P/ 2°35, N % 2°26. 
The product obtained by acetone extraction of ox brain represents 
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in appearance and composition a typical protagon. Nevertheless as 
will be seen from the above figures, it consists of a mixture of substances 
showing various phosphorus and nitrogen percentages. As these 
fractions have been obtained at different temperatures from the identical 
solution which on cooling on ice deposited the typical protagon, there 
can be no doubt that they existed as such in solution and are not 
products of decomposition. 

An interesting point is the increase in percentage of phosphorus 
and nitrogen in the later stages of the extraction with acetone. The 
more soluble phosphorus free-part of the protagon (phrenosin) seems to 
be extracted first, while the substances rich in phosphorus remain 
behind. The reverse takes place if alcohol is used as a solvent. In 
that case the less soluble part is poorer in phosphorus, thus indicating 
that it contains a preponderance of cerebrosides (phrenosin, kerasin). 
This behaviour of the protagon mixture towards the two solvents 
suggests a method for the preparation of its phosphorus-rich constituent 
(Thudichum’s sphingomyelin) which we are at present engaged in 
isolating. 

In a subsequent experiment protagon was prepared by the same 
method from human brain and the separate extracts were directly 
subjected to fractional crystallisation at different temperatures. The 
brain weighed 1210 gra. Twelve acetone extractions, each with 24 litres, 


were made at 10°—15° until the last extract on evaporation left a 


residue weighing only 0°24 grs., which was free from cholesterin. The 


subsequent extracts were made at 56°. The results are given in the | 


following table. 
TABLE IX. 


First extraction. 

Filtered at Weight in gra. P% N% 
lst Fraction 80° 421 1:18 2°23 
aud „ 0 4°37 0-82 1-92 

Second and third extractions. 
8rd Fraction 80° rd 2-91 | 5°82 1-54 2-50 
am „ 149426 1-06 2-08 


2nd 2°88 } 6-96 2°36 2°27 


̃ « ˙ 
. a Products obtained from protagon by fractional crystallisation at 
different temperatures. 
ey | | from mother lst 2 
guid — — 
The same remarks apply to these results as in the former case. 
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Further, we prepared protagon by the acetone process (dispensing 
however with the plaster of Paris) from human brain and recrystallised 
some of the products obtained by different extractions, from boiling 

7 acetone, estimating phosphorus in the insoluble as well as in the 
recrystallised substance. The following yesults were obtained. 


TABLE X. 


Showing the phosphorus percentages of protagon obtained by 
acetone extraction. 


Ist 2nd Srd—Sth 9th—20th 
Extraction at 45° 50° 56° 56° 
Phosphorus °/, 1-20 1-81! 1-66 1:85 
1 One analysis only. 


These results demonstrate the increase in phosphorus in the suc- 
cessive extractions. They show the highest phosphorus percentage of 
our protagons (Posner and Gies obtained also products with 1°73 per 
cent. phosphorus). The products obtained by the last two series of 
extractions were now subjected to recrystallisation from boiling acetone 


and gave the following results. 
Phosphorus percentage in fractional products obtained by 
recrystallisations from acetone. 
Original protagon 1°66 1°85 
Recrystallised protagon 0-97 1-06! 
Insoluble protagon 2°01 218! 
1 One analysis only. 


The figures obtained on analysis justify our former remarks. 
Finally we subjected some protagon prepared in the same way to 
recrystallisation from the above mentioned mixture of chloroform and 
absolute alcohol (or methyl-alcohol). The original protagon contained 
139% phosphorus, while in both cases the recrystallised substance 
showed only 0°40 per cent. phosphorus. 


Optical Activity of Protagon. 

The optical activity of protagon has not, so far as we are aware, been 
examined. We found it to be dextro-rotatory. The estimations were 
made in a 2 dm. tube in a Schmidt and Haensch half-shadow apparatus 
for sodium light. The strength of the solutions was approximately 
5 per cent. and a mixture of three volumes chloroform with one volume 
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was used as a solvent. The readings had to be taken at 
28°—30° on account of the insolubility of some of the substances at 
lower temperatures. We examined several of the protagon preparations 
described above and the results are given in the following table. 


277 la ly 
Couerbe’s oérébrote (thrice recrystallised) * 0-65 +66 
Cramer's crude protagon 1-02 + 56° 
50 0 „ thrice recrystallised .. 0-79 +71° 
Fraction of above insoluble in acetone 0°96 +6-38° 
Gamgee and Blankenhorn’s protagon, twice recrystallised, 
insoluble in acetone... 7＋6˙15 
Protagon prepared by acetone extraction (see Table IX.). 
2nd fraction at 0° — in ae — 082 +2°7° 
ard fraction at 80° — E +76 


4th fraction at eve or 1-06 +651° 


As will be seen from these figures, the specific rotatory power of 
different preparations varies largely, the lowest being +2°7° and the 
highest +7°5°. These results again demonstrate the composite nature 


of protagon. 


We have also made experiments on the amount of galactose formed 
by acid hydrolysis of protagon. The amount of galactose was estimated 
polarimetrically and gravimetrically (by the Allibn-Kjeldahl method). 
These experiments, which will be fully communicated in another paper, 
show that the amount of galactose split off from protagon of different 
preparations varies from 8 to 16 per cent. 

In the coarse of these hydrolytic experiments it was also found that 
the insoluble products of decomposition included the hydrochlorate of 
a base which in its properties closely resembles the base sphingosine, 
isolated by Thudichum from phrenosin. Liebreich (loc. cit.) obtained 
choline (originally called by him neurine) from protagon by hydrolysing 
it with baryta water, and Cramer (Loc. cit.) subsequently concluded that 
“by the decomposition of protagon with baryta water choline is the only 
base formed.” On repeating Liebreich’s and Cramer’s experiments 
and decomposing protagon with baryta water, we were also able to isolate 
sphingosine, which is present in considerable quantity amongst the 
insoluble hydrolytic products. Of these the bases have been neglected 

1 It is interesting to note that Kitagawa and Thierfelder found under similar 


conditions the specific rotatory power of cerebron (phrenosin), the main phosphorus-free 
constituent of protagon, to be +7°6°. . 
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by Liebreich and Cramer, who only examined the watery solution, 
from which choline may be easily isolated. Choline is probably derived 
entirely from the phosphorised constituents of protagon (such as 
Thudichum's sphingomyelin), and part at least of the sphingosine owes 
its origin to the phrenosin moiety. The isolation from pure protagon 
of sphingosine, which has been completely overlooked by previous 
workers, affords evidence for the complexity of the constituents of the 
mixture called “Protagon.” 


CONCLUSIONS. 


1. Liebreich’s, Gamgee and Blankenhorn’s 5 Oramer's 
protagons represent practically the same substance as cérébrote prepared 
by Couerbe in 1834. 

2. A similar substance is obtained by the acetone method 

described · above. 
3. All these protagous may be split into substances of widely 
varying phosphorus and nitrogen percentage by simple fractional 
crystallisation at different temperatures or with different solvents, 
showing great differences in their optical activity and in the amount 
of galactose split off by acid hydrolysis. - 

4. The base sphingosine, as well as choline, is found en the 
products of protagon-hydrolysis. 

5. Protagon (with about 1°/, phosphorus) is not a definite chemical 
compound, but consists of a mixture of substances, some phosphorus- 
free (like phrenosin), others rich in tno pg te (like sphingomyelin). 

6. The use of the term “Protagon” has only a historical 
justification. 


The expenses of this research have been in part defrayed from a grant from the 
Government Grant Committee of the Royal Society. 


+ Note at correction of proof. Since this paper was sent to press, a short 
communication on Protagon by A. C. Lockhead and W. Cramer 
has appeared in the Biochemical Journal (11. p. 350. 1907). These authors 
come to the conclusion that “ the close agreement between the phosphorus 
percentage of various samples of protagon prepared by the most diverse 
methods is strong evidence in favour of the view that protagon is an 
individual substance of a well-defined chemical composition,” and that 
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“the view that protagon is a mixture of substances...cannot be accepted 
until the substances constituting the mixture have been isolated.” 
Their first conclusion we consider to be completely disproved by our 
work. With regard to their second statement we may add that since 
our paper was finished, we have been able to separate protagon into its 
main constituents, and we are at present engaged in examining and 
analysing them. The method employed is the one already indicated of 
systematic fractionation by means of alcohol-chloroform-acetone. The 
largest fraction (approximately 60—70 per cent. of the original protagon) 
comprises at least two crystalline substances which are nearly phosphorus- 
free (P = 0°09 / ). The quantity of phosphorus in the remaining substances 
(of which one so far has been obtained in crystalline form) amounts to 
about 3% It is evident that a mechanical mixture of these substances 
in the above proportions would enable us to artificially reconstitute “a 


pure protagon with a phosphorus percentage varying: from 0°9 to 12 
Full details will be published later. 
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ON THE NATURE OF THE FAT CONTAINED IN THE 
LIVER, KIDNEY, AND HEART. BT PERCIVAL 
HARTLEY, Grocers’ Company Research Scholar. 


(From the Lister Institute of Preventive Medicine.) 


THERE are many indications that in the active cellular organs of the 
body the fat exists not so much in the form of simple glycerides of the 
higher fatty acids as in that of lecithin and similar complex bodies. A 
more complete knowledge of such complex substances is desirable in 
order to understand the réle played by fats in the life of the cell, and 
something may be learnt from the study of the fatty acids obtained 
from them by saponification. For this reason Liebermann’s method, 

with slight modifications, has been used. 
In the course of experiments which have been carried on for some time 
by Leathes % it has become more and more obvious that the higher 
fatty acids obtained from the liver or heart or kidneys, behave, in certain 
respects, differently from those which may be obtained by the same 
methods from adipose connective tissue. From the organs a larger 
amount of higher fatty acids soluble in ether but insoluble in petroleum 
ether is always obtained, and if the acids soluble in petroleum ether are 
exposed to the air, or still more if they are heated, a part is found to 
have become insoluble in this solvent. Furthermore, on applying the 
method proposed by Farnsteiner, for separating acids of the linoleic 
and linolenic series from acids more saturated, evidence was obtained 
for the presence in considerable amount of acids less saturated than 
oleic acid. This seemed to point to the presence, in the fats of the 
organs examined, of unsaturated acids different from those occurring in 
the fat stored in adipose connective tissue. It seemed possible that if 
these differences could be elucidated, some light might be thrown on 
the nature of the changes which fats undergo when they leave the 
connective tissues, and enter the stream of metabolic change in the 
active organs of the body. 
With this end in view, I proceeded, at the suggestion of Dr 
Leathes, to whom I am indebted for much kindly help and advice, to 
PH. XXXVI. 2 
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collect the fatty acids liberated from the liver and other organs of 
different animals, and to examine their properties and attempt the 
identification of the several acids contained in the mixture. In the 
present paper I shall confine myself to the results of the examination of 
certain properties of the acids. 

The first property to be examined was the power of absorbing 
iodine, which, as is familiar, is a measure of the degree to which fatty 
acids are unsaturated. The iodine value, the weight, that is, of iodine 
absorbed by 100 parts of the fat, has been found in the case of the fats 
extracted by ether from the organs to be somewhat higher than that of 
the fat from the connective tissue. Thus Woltke™ found that the 
iodine value of the fat from the liver of a normal dog was 83:1, from 
the heart muscle 84°9, and from the kidney 780, whereas the connective 
tissue fat had an iodine value of 628. Leick and Winckler“ 
obtained the following values: heart muscle fat 83°5, connective tissue 
fat 59°1 in the case of normal dogs, and in the case of sheep, heart 
muscle fat 67°7 and connective tissue fat 439. Rosenfeld gives the 
following figures for the iodine value of the heart muscle fat of four 
dogs: 53°47, 58°55, 60°4, 41°8. It will be observed that the iodine 
value of the organ fats is somewhat higher than that of the connective | 
tissue fat. As the iodine value of olein is 85°6, it has been assumed 
that the higher iodine values obtained for fats derived from the organs 
indicate that they contain relatively more olein than the connective 
tissue fat. The experimental results given later in the paper show 
clearly that this difference between the fat of the various organs and 
that contained in the connective tissue is not to be explained simply by 
the presence of varying proportions of olein. 

By the method described below, the iodine value for the fatty acids 
obtained from connective tissue fat, it is true, is of the same order as that 
found by previous investigators; but the values for the fatty acids 
from the organ fats are higher than the iodine value of oleic acid, and 
far higher than any before recorded’, The numbers varied from 115 to 


? While this work was in progress a paper appeared (Erlandsen, Zeits. f. physiol. 
Chem. II. p. 71, 1907) in which a substance cuorin, obtained from ox-heart muscle, is 
described. This substance is a monoamido-diphosphatide and yields on hydrolysis fatty 
acids, the mean iodine value of which is 180-1, The lecithin from the same souree yields 
fatty acids having a mean iodine value of 110. 

In this connection it is interesting to note that Henriques and Hansen examined 
the fatty acids obtained from the lecithin of the yolk of egg, and from the high iodine 
values they obtaingd, argued that a considerable portion of the acids in the lecithin must 
belong to the linoleic series. (Skand. Archiv f. Physiologie, xv. p. 390.) 
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135. This indicates the presence of fatty acids of the linoleic series 
(0H. O,). The unsaturated acids were separated from the saturated 
acids and the iodine value of the former determined. This was found 
to be greater than that of linoleic acid and indicates the presence of 
acids of the linolenic series (C,H,,,0,). An experiment on the 
bromination of the unsaturated acids not only confirmed this, but also 
afforded evidence of the presence of an acid or acids containing four 
unsaturated linkages. 

The nature of these fatty acids is being more completely investi- 


Method of preparing the fatty acids. The method which has been 
most frequently used for the extraction of fat is that of Rosenfeld. 
This method consists in extracting the dried tissue with alcohol and 
chloroform and taking up the united extracts with ether. It is well 
known that this ether extract does not consist wholly of neutral fat. 
Glikin“ has examined such ether extracts and has shown that some 
samples contain 16°12 °/, lecithin and 3°66 / “ptomaine.” Leathes has 
shown that on saponification with alkalies, the ether extracts yield only 
65 % of fatty acids, whereas pure animal fat from the connective tissues 
yields about 95°/, of fatty acids. Since it would be difficult to obtain 
the fats in a pure form from these ether extracts, it was decided to 
prepare the fatty acids from the organs by direct saponification. The 
method adopted has the advantage of simplicity and rapidity, permits 
of the use of large quantities of materials, and gives a final product 
consisting of little else but the higher fatty acids. 

The method as carried out on the liver will be described in full, but 
the same procedure has been followed with the heart muscle and the 
kidney, and the connective tissue fat which has been examined has 
been taken through every stage of the treatment in precisely the same 
way. 

All visible adherent fat etc. was first carefully removed from the 
organ, the liver substance cut into small pieces and finally minced in a 
machine. In most cases the whole of the minced tissue was used for 
experiment. It was placed in a large flask, and a solution of caustic 
potash (500 gm. potash and 500 c.c. water) added. 250 c.c. of this 
solution were used per kilogram of fresh tissue. The mixture was 
heated on the water-bath and shaken at intervals. When all the tissue 
had dissolved, methylated spirit was added, and the heating continued, 
with further addition of spirit, until saponification was complete. The 
solution was then cooled, diluted somewhat with water and a 10% 
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solution of sulphuric acid added until the presence of free mineral acid 
could be detected in the solution. The acidified solution was heated on 
the water-bath until the precipitated fatty acids had risen to the 
surface; the lower layer of clear fluid was then sypboned off. A large 
volume of water was added, the whole heated on the water-bath until 
the precipitated acids collected on the surface and the lower layer of 
wash liquor syphoned off as before. The washing was continued until 
the wash liquor was no longer acid, and almost colourless. The 
precipitate was transferred to a filter and left to drain overnight, after 
which it was dried in vacuo over sulphuric acid for 2 or 3 days. When 
dried as completely as possible the precipitate was extracted in a Soxhlet 
apparatus with petroleum ether (B.P. 45°—65°) for 6 or 8 hours. The 
petroleum ether extract was diluted with 2 litres, or more, of the same 


solvent and allowed to stand for 24 hours. At the end of this time a 


dark brown substance separated from the solution. This substance is 
apparently soluble in a concentrated selution of fatty acids in petroleum 
ether, but insoluble in a more dilute solution. It solidifies to a hard 
mass. The amount obtained varied in different experiments, and 


frequently contained nitrogen and sulphur. It has not been further 3 


investigated. It was removed from the solution by filtering, and the 
petroleum ether distilled off from the filtrate on the water-bath, the 
last traces being removed by heating at reduced pressure in a slow 
current of dry carbon dioxide. On cooling, the fatty acids solidified to 
a yellow or light brown mass, consisting of an oily and a crystalline 


The amount of higher fatty acids obtained from the various organs 
was determined and is expressed in the following tables in units per 
cent. of fresh substance used. The iodine value of the mixed higher 
fatty acids was determined immediately after the petroleum ether, in 
which they were dissolved, had been distilled off. Wijs’ method for 
determining the iodine value has been used throughout. 

The following table contains the results obtained for the higher 
fatty acids from the various organs of the pig, the goat and the dog. 


700 gms. 2°86 126°4 
950 2°58 184-1 
870 184-7 
180 2°37 116°2 

20 178 184-4 
— 66˙1 


— 

Pig: 

4 Liver E 

3 Liver F 

Liver G 

1 Heart Muscle 

Pericardium 

Connective tissue 58-9 


NATURE OF FAT IN. THE BODY 21 


Goat: 
Liver A 2°38 118°5 
Liver B 8°42 119°6 
Kidney (2 pairs) 118 — 120°6 
Kidney (7 pairs) 420 211 
Heart muscle (2 hearts) 117 1°69 128°2 
” „ „ 195 2°07 107°7 
— — 43°5 
Connective tissue A — — 35˙9 
Connective tissue B — — 43°8 
Dog: 
Liver A 360 2°76 1146 
Liver B 200 2°78 1276 
Kidney B 70 2°71 120-1 
Heart muscle B 87 2°20 127-2 
Pericardium B — — 68-8 
Connective tissue B — — 60°5 


A series of experiments on the higher fatty acids from the human 
liver and heart muscle has been carried out. The results are given in 
the following table: an abstract of the post-mortem report is also 
given :— 

Source of Weight of Weight of Pasay acids Iodine value 


fatty fresh substance of fatty acids 

Liver, X. 1880 ma. 1240 gms. 8°98 1178 
Liver, A. P. 450 850 2°69 126°4 
Liver, W. H. 1685 800 2°85 123-0 
Liver, L. R. 275 245 2°35 128-0 
Heart muscle, W. H. — 102 2°80 120-0 

162 2°36 127°9 
Omentum — — — 65 ⁰ 


X. Oause of death: appendicitis and general peritonitis. No further details available. 

A. P. Age 15 months. Cause of death: burns, meningitis. Liver pale and soft, but 
showed no other pathological changes. 

W. H. Age 56, Cause of death: intestinal obstruction and lobar pneumonia. Body 
jaundiced. Peritoneum healthy. Liver pale, soft and greasy. Heart healthy. 
L. R. Age 7. Very poorly nourished. Disease: tubercle of lungs, bronchial and mesen- 
teric glands, spleen and liver. Liver showed only a few miliary nodules, principally 

on the serous surface, otherwise it appeared quite normal. 

H. 8. Age 54. Osuse of death: chronic nephritis, renal calculus, uraemia. Body very 
fat. Peritoneum healthy. Epicardial fat of the heart very mach increased and viscus 
enlarged. Left ventricle hypertrophied, and other chambers dilated. Moderate 

atheroma of aortic cusps and great vessels. 


The results given in all the above tables differ in a striking manner 
from those previously obtained, examples of which are given (p. 18): the 


— 
* 
* 
9 
7 
* 


22 P. HARTLEY. 


iodine value of the higher fatty acids from the organs is much higher 
than the iodine value of the “ether extracts” obtained by other methods. 
As the iodine value of a neutral fat is somewhat lower than that of the 
corresponding fatty acid (e., the iodine value of olein is 85°6, that of 
oleic acid 90°0) slightly higher values than those previously obtained 
were to be expected. But instead of an increase in iodine value of 
about 5°/,, increases of more than 50°/, have been obtained in many 
cases. Experiments have been carried out with the object of deter- 
mining the cause of this large increase in iodine value. From one 
postion of a pig’s liver, an ether extract was prepared according to the 
method of Rosenfeld, and this was compared with the higher fatty 
acids obtained by saponification of another portion of the same liver. 


50 grams of fresh liver tissue were dried by heating first on the water-bath, then in an 


oven at 105°, and finally in vacuo at 100° for two days. The whole was finely powdered 
before the final drying in vacuo, The dried substance was boiled for 15 minutes with 
alcohol, and then extracted for 6 hours with chloroform, boiled again for 15 minutes with 
alcohol and again extracted for 6 hours with chloroform. The united alcohol and chloro- 
form extracts were taken up in ether, the ether distilled off, the ether extract weighed, and 
the iodine value determined. The ether extract was then saponified, the fatty acids 
precipitated with sulphuric acid, washed, dried, and extracted with petroleum ether. The 
fatty acids were weighed and the iodine value determined. 

600 grams of the tissue from the same liver were saponified in the usual way and the 
iodine value of the higher fatty acids determined. The results are given in the two 
following tables : 

Extraction method. 


50 gms. 14-27 gms. 18-24 %, 78-4 69°49, 1188 
— of fatty 
600 gms. 8°85 120-0 


It will be observed that the iodine value of the “ether extract” 
(78°4) is of the same order as that obtained under similar conditions by 
previous observers. If this ether extract consisted of pure neutral fat, 
on saponification it should yield 95 ¼ fatty acids and the iodine value 
of these fatty acids should be about 83. Quite different results are, 
however, obtained by saponification of the ether extract. Only 69°4°/, 
higher fatty acids are obtained, this being in agreement with Leathes 
and Paton’s results, and the iodine value of these fatty acids is 113°3, 
this figure being slightly lower than that obtained for the fatty acids 
obtained by direct saponification. It is thus evident that the ether 
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extract contains substances other than neutral fat, and it is to the 
impurity of the ether extracts that the low figures previously obtained 
for the iodine value must in part be ascribed. | 

Changes undergone by the fatty acids on exposure to air. Specimens 
of fatty acids were left exposed to the air for varying intervals of time 
and the iodine value determined at the end of that time. The following 
results were obtained: 


Source Todine value of exposed Todine value 

fatty acids freshly prepared acids to the sir exposure 
Pig Liver, B. 128-0 8 weeks 65°0 
60˙1 
Pig Liver, G. 184˙7 Ss 1160 
Human Liver, W. H. 123-0 118-3 


The higher fatty acids from an ox liver, prepared by Leathes, 
were examined after being exposed to the air for two years. It was 
found at the end of this time that only about one half of the higher fatty 
acids dissolved in petroleum ether. The iodine value of this soluble 
portion was 483. The portion insoluble in petroleum ether was resinous 
in appearance. It dissolved almost completely in ordinary ether. The 
iodine value of this portion soluble in ordinary ether was 59°4. 

The fatty acids from the organs undergo change on exposure to the 
air, shown by the decrease in iodine value. This change is similar to 
that undergone by the so-called “drying oils”; these oils or fats are 
glycerides of the doubly or trebly unsaturated linoleic and linolenic 
acids. This change occurs more rapidly at higher temperatures. 

Further examination of the fatty acids from pig's liver. The 
results given above indicate that the fatty acids from the liver, the 
kidney, and the heart muscle, have iodine values of the same order. 
Whether the acids from the three organs are identical is a matter for 
further investigation. The following experiments were carried out 
with fatty acids from pig’s liver, as this was the most convenient source 
from which fairly large quantities could be obtained. 

I. Further purification of the fatty acids. Cholesterol and un- 
saponified matter may be present along with the fatty acids extracted 
by petroleum ether. In order to remove these, if present, the following 


experiment was performed. 


20 grams of fatty acids from pig's liver were dissolved in a 80°/, solution of caustic 
soda, an excess of alkali being used. The alkaline solution of the soaps was extracted for 
56 hours with ether in a continuous extraction apparatus. The alkaline solution was then 
acidified with 10°/, sulphuric acid, the precipitated acids extracted with petroleum ether, 
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and the solvent evaporated off on the water-bath. The product obtained was faintly 
yellow in colour. The iodine value was determined, 


Iodine value of fatty acids before the above treatment = 130-0. 
Iodine value of fatty acids after the above treatment =125:3. 


Thus, the high figures obtained for the iodine value of the fatty 
acids in the experiments previously described are not due to substances 
other than fatty acids. 

II. Determination of mean molecular weight. The mean molecular 
weight of the fatty acids obtained as the final product in the above 
_experiment was determined by titration with deci-normal sodium 
hydrate solution. 

05238 gm. mixed fatty acids required 18˙0 c.c. 1 NaOH. 
Mean molecular weight = 291. 

05684 gm. mixed fatty acids required 197 ce. 10 NaOH. 
Mean molecular weight = 288. 

The molecular weight of stearic acid is 284. 

III. Separation of the saturated and wnsaturated acids. The 
separation is based upon the solubility of the lead salts of unsaturated 
fatty acids in ether. 

The fatty acids were dissolved in caustic potash, and the excess of 
alkali neutralised with acetic acid. A 7°/, solution of lead acetate was 
heated to boiling and gradually added, with constant shaking, to the 
hot solution of the soaps. On cooling, the clear supernatant fluid was 
poured off and the lead soaps washed three times with warm water, and 
then dried. The lead soaps were warmad gently with ether, the ethereal 
solution filtered off and shaken with 20% HCl. The precipitated lead 
chloride and aqueous solution were separated, the ethereal solution 
washed with water, and the ether evaporated off, the last traces being 


removed in a stream of dry carbon dioxide. The iodine value of the 
unsaturated acids was determined. 


— 
Pig Liver, B. 128-0 189°8 
Pig liver, H. 184-0 208-2 
Ox liver, A. 111-4 178°8 


Since any oleic acid present in the original fatty acids would be 
contained among the unsaturated acids thus obtained, and since the 
iodine value of oleic acid is 90 and even that of linoleic acid only 181, it 
is clear that if the mixed n higher 
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than 181, this must be due to the presence of acids more unsaturated 
than linoleic acid. Further, the more oleic acid is present in the 
mixture, the more there must be of these acids more unsaturated than 
linoleic acid. 7 

readily unite with bromine forming addition products. Dibromo- and 
tetrabromo-compounds (obtained from acids of the oleic and linoleic 
series respectively) are easily soluble in the common organic solvents. 
Hexabromo-compounds (obtained from acids of the linolenic series) are 
sparingly soluble in the same solvents, and an octo-bromo-addition 
product has been described (C,,H,,0,Br,) which is almost insoluble. 

The high iodine values of the. unsaturated acids from the liver 
indicate the presence of fatty acids containing three and possibly four — 
unsaturated linkages, and should give on bromination insoluble addition 
products. 


Two grams of unsaturated acids were dissolved in carbon tetrachloride and the solution 
immersed in ice. 1 . 0. of bromine was added, drop by drop. The whole was allowed 
to stand, cooled, in a stoppered flask for three hours. A white solid separated; this was 
filtered off, repeatedly washed with cold carbon tetrachloride, dried and weighed : weight, 
0°76 gm. The substance became very dark-coloured at 240°, but did not melt. To this 
dried, insoluble addition product 70 cc. of dry ether were added, shaken repeatedly 
and the part still insoluble in ether filtered off, dried, and the bromine estimated by 
Carius’ method. 

0°2028 gm. substance gave 0-3261 gm. AgBr Br=68°5 % 
Calculated for C. H., O, Br., Br 65˙8 % 
Calculated for H,O, Br. Br=69°8 % 


Thus the presence of fatty acids containing three unsaturated 
linkages is confirmed, and evidence obtained of the presence of an acid 
or acids still more unsaturated than these. 


CoNCLUSIONS. 

1. The higher fatty acids from the liver include in addition to 
saturated acids and acids of the oleic series, considerable quantities of 
acids of the series CH. -. O,, Cu H. O,, and possibly -O, 

2. The fatty acids from the kidney and the heart muscle have 
iodine values of the same order as those of the liver fatty acids, pointing 
to the presence in these organs, too, of similar acids, in similar amounts. 

3. The higher fatty acids from the organs undergo change on 
exposure to the air. The iodine value diminishes and a great portion 
of the fatty acids becomes insoluble in petroleum ether. 
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4. The unsaturated fatty acids yield, on bromination, addition 
products insoluble in ether, carbon tetrachloride, alcohol, acetic acid 
eto., similar, therefore, in their properties to the brominated acids of the 


Leathes. Proc. Physiol. Soc. pp. i-iii. (This Journal, XXXI. pp. 1-8. 1904). 
Woltke. Maly’s Jahresb. p. 77. 1901. 

Le ick and Winckler. Schmiedeberg’s Archiv, wn. p. 163. 1902. 
Rosenfeld. Schmiedeberg’s Archiv, Lv. p. 180. 1906. 

Glikin. Maly’s Jahresb. p. 88. 1903. 

Paton. This Journal, XX. p. 167. 1896. 
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METABOLISM DURING STARVATION. Part II. Inor- 
ganic. By E. P. CATHCART, M. D. au C. E. FAWSITT, 


D. So., Glasgow University. 


In the present communication the excretion of the various inorganic 
substances during Beauté’s fourteen days fast’ will be briefly dealt 
with. The substances estimated were chlorides, phosphates and sulphur 
(total sulphur, neutral sulphur, inorganic sulphates, ethereal sulphates) 
every day, and calcium, magnesium, sodium and potassium twice . 8 8 
Total acidity was also estimated daily. 

Methods of analysis. The methods employed were as follows. 
Chlorides by Volhard’s method, phosphates by titration with 8.8. 
uranium acetate with potassium ferro-cyanide as indicator, sulphur by 
the usual methods, using the modifications introduced recently by Folin. 
Total sulphur was estimated by the fusion with sodium peroxide method, 
acidity was estimated by titration with 10 NaOH in the presence of 
potassium oxalate as advised by Folin. 

Calcium was obtained as the oxalate and then converted into the 
oxide, magnesium was estimated as Mg,P,O,, sodium and potassium were 
separated by means of platinum chloride. The estimations of the Ca, 
Mg, K and Na were carried out by 0. E. v., the other estimations by - 
Z. P. C. 

Chlorides. There is a sharp fall in the Cl output on the first day of 
the fast, from 6°7 grms. to 3°2 grins, and this fall is maintained to the 
end. This result is of course only what might have been expected as 
NaCl was strictly prohibited—the only source of salt during the fast was 
the ordinary water supply. This may be neglected as the Cl content of 
Glasgow water is, as a rule, low. When feeding was resumed the food 
given contained the same amount of NaCl as the food given previous 
to the fast, viz. 6 grms. From Table L. it will be seen to what extent 
retention of the Cl has taken place. The output slowly rises until 


a Cf. Cathoart. This Journal, xxxv. p. 500. 1907. 
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on the fifth or sixth day it is almost normal again. This means that 
in the course of the first four days following the fast there is a retention 
of some 10—11 grms. Cl. 

Phosphates. As with chlorides there is a definite fall in the output 
of phosphates on the very first day of the fast, the amount excreted being 
2°26 grins, just about one half of what it was on the day previous (4°14 
grms.). This fall is continued steadily right to the end of the fasting 
period, the amount excreted on the last day of the fast being 1°25 grms. 
It will be noted that although the fall is quite well defined it is not 
very great. On the first day of feeding the drop in amount excreted is 
still more accentuated, as on this day there is only a third of the amount 
excreted during the last day of fasting. The fall continues on the second 
day of feeding, the output being less than one half of the previous 
day’s output, and on the third day although there is a slight increase 
yet the amount excreted is distinctly subnormal. This same retention 
of phosphorus compounds was noted by Van Hoogenhuyze and 
Verploegh™ in a case which they investigated; here the amount 
excreted on the first day of feeding was only a fourth of the output on 
the last day of the fast. By the fifth or sixth day the phosphorus 
excretion by way of the kidneys approaches normal. The fall in the 
output of phosphates is, of course, coincident with the great fall in the 
output of total nitrogen on the same days. Although the coincidence 
exists of the simultaneous fall in the output of total nitrogen and phos- 
phorus yet the ratio which exists between them is quite another to 
that which holds before the fast. Before the fast the ratio is N: P,O, 
4:1, whereas on the second day of feeding after the fast it is 
about 18:1. 

Total sulphur. Here again as with Cl and P, O, there is a steady 
fall in the output of total sulphur from first to last. The first day of the 
fast shows a fall to about a half of the total output on the last day of 
feeding, from 1°33 grm. to 0°614 grm. sulphur. On the second fasting 
day there is a slight rise which is followed by the steady decline in out- 
put mentioned. The total output for the last day of the fast is 0°536 
grm. Again the three first days, that is the starch and cream diet days, 
show a further fall to 027 5 grm. S. This fall is followed by a rise when 
the egg and milk diet, a diet rich in sulphur, is resumed. 

Inorganic sulphates. The output of these follows the output of 
total sulphur very closely, as is evidenced by the figures giving the 
percentage of inorganic sulphates to total sulphur. The greatest differ- 
ence occurs on the second day of feeding at the conclusion of the fast, 
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when the inorganic sulphates only form 519 / of the total sulphur. 
The lowest levels reached during the fast are 73°6 / on the eleventh day 
and 73˙5 / on the fourteenth day. 

Ethereal sulphates. The daily output of these sulphates is small. 
Like the various other constituents estimated the amount excreted 
during the fast is found to decline gradually. The maximum output is 
on the second day of the fast 0056 grms. S, about one half of the 
amount excreted on the last day of feeding. The minimum output is 
on the twelfth day with 0°025 grm. S. In contradistinetion to various 
other bodies the output of ethereal sulphates rises quite definitely on the 
resumption of feeding. This rise is hardly influenced by the resumption 
of the sulphur rich egg and milk diet. During the fasting period 
ethereal sulphates total about 5°/, of the total sulphur; they reach 
131% and 13°3°/, on the second and third days of feeding after 


the fast. 


Neutral sulphur. The output of neutral sulphur during the course 
of the fast does fall off slightly, but the amount excreted on the whole 
is fairly regular. It falls from 0°127 grm. S on the first day of the fast, 
the amount on the last feeding day is 0°15 grm. S to 0˙112 grm. S on 
the last day of the fast. A lower level however is touched on the 
eighth day, when only 0090 grms. neutral S is excreted. When 
feeding is resumed the amount excreted rises on the first day but 
falls on the second and third days, to be followed again by a rise. 
In percentages of total sulphur the output is not so regular; it varies 
between 20°9°/, on the fourteenth day and 13·3 % on the second day. 
After the fast the percentage amount arises rapidly to 349 / on the 
secind day. When the egg and milk diet is resumed it falls in percentage 
amount. 

The acidity of the urine shows a definite fall on the first day of 
the fast from 582 0.0. 10 to 878 ce. 16, on the second day it goes up to 
640 ce, 19 and to 687 ce. 10 on the third day; thereafter it gradually 
falls right to the end of the fast. This rise and fall was also observed in 
the course of the experiment with Cetti® and by Hoogenhuyze 
and Verploegh (Le.) with Tosca. The fall in urinary acidity on the 
resumption of feeding is extraordinarily well marked, it amounts on 


the second day of feeding to only 88 0. 10 This fall follows fairly 
closely the alteration in P,O, excretion. 
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TABLE II. 
3 826 117 8-168 4-019 : 
6 218 107 8-15 3-28 } Bee 
m 216 181 1-88 0-865 
— (480 160 (07% 2006 (1-040 080 (16) 
(158) (040) 4 0-40 (-20) 
1102 (00 (0% 1-080 (816) 0108 (006) 
6 178 042 2-88 3-84 
7 159 0s 820 512 res & Milk diet. 


Figures in brackets show amount excreted for 1 day. . 


from two days’ amounts. 


Calcium and magnesium. Both these substances steadily decline 
in amount excreted during the course of the fast. They do not however 
fall off with equal rapidity, the magnesium declining more rapidly than 
the calcium. Roughly the ratio of Ca to Mg is before the fast 2:1, but 
during the fast it is much nearer 3: I; and after the fast, when the subject 
wae potting weight. and milk diet, the ratio is almost 
4:1. 

Potassium and sodium. The urine before the fast begins is seen to 
be quite normal, in so far that there is more Na excreted than K. On 
the third day of the fast this balance is decidedly upset, as K is to Na as 
15:1. This alteration goes on steadily, both substances at the same 
time in actual amount excreted gradually sinking; on the VI—VII dhys 
examination the ratio is practically 7:1. It falls off slightly on the 
next estimation when it is 3°4: 1, rising on the fourth estimation again to 
53:1. With the first days of feeding the natural predominance of the 
Na is at once demonstrated. Why however the output of Na should 
reach the large total of 5°12 grms. it is difficult to say; as the diet does 
not appear to account for it. The output om the same diet before the 
fast is about 3°5 grms. (3°62 grins. mean of the two estimations). This 
preponderance of K over Na in fasting urine is well known. It is due 
to the disintegration of tissues (muscle, etc) rich in K, which are more 
readily broken down than tissues which are rich in Fa. 

Acetone and diacetic acid. It was found impossible 4% estimate 
either the amount of acetone or diacetic acid excreted owing to 
the lack of sufficient quantities of urine. Qualitatively as will bs seen 
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from Table L acetone is definitely detected by the nitro-prusside test 
on the second day of the fast, and aceto-acetic acid by the iron reaction 
—on the third day of the fast. They disappear with great suddenness as 
soon as feeding is resumed. There may have been still a trace of 
acetone on the first day of feeding, but certainly no aceto-acetic acid 
could be detected. 


Most of the expense in connection with this investigation, both Parts I. and II., was 
defrayed by a grant the Carnegie Trust, for which Dr Fawsitt and myself offer our 
best thanks to the Trustees. 


(1) Van Hoogenhuyzeand Verploegh. Zeit. f. physiol, Chem. any 1905. 
(2) Senator, Munk and others. Virchow’s Archiv, cxxxm, Sp. 181. 1. 


CorREcTION TO Part I. 


The amount of undetermined N in Table VI of Part I must be 
increased by the addition to it of the figures of the uric acid N, as, in 
making the calculation, both uric acid and total purin N figures were 
subtracted from the total N figure instead of total purin alone. The 
same error occurs in the / N, the / of uric acid N must be added to 
the */, of the undetermined N. 


r . 
* 
7 
7 i 
oa 
4 
% 4 
— 
= 
= 
4 
r 
— 
2 4 
: *. 
4 
\ 
6 — 
— 
* 
* 
2,5 
1 
a 
5 
wi 2 
4 
‘ A 
. 
— 
— 
1 4 
2 
aa 
A 
2 
4 
4 
2 
5 * 
= 
4 


THE ACTION OF CAFFEINE ON THE CAPACITY 
FOR MUSCULAR WORK. By W. H. K RIVERS’ anp 
H. N. WEBBER. 


(From the Psychological Laboratory, Cambridge). 


Tap research of whieh un is to be given in this article diflers in 
several respects from previous attempts to determine the influence of 
caffeine on the capacity for muscular work in man, The method which 
has been usually employed has been to take a continuous series of 
ergograms at intervals of two to five minutes and to administer the 
caffeine either before or at some stage in this continuous series. Such 
a method gives no adequate means for the determination of any 
differential action of the drug in the fresh condition and after fatigue 
has been produced by the performance of a certain amount of work. 
We have therefore tested the effect of the drug on the work recorded 
in sets of ergograms separated by intervals of rest so that we have been 
able to examine not only the influence of the drug at different intervals 
after its administration, but also its action at the beginning of, and 
throughout each set of ergograms, 

In another important respect our work differs from all that previ 
recorded, in that on the normal or control days we have taken d 
a mixture which we were absolutely unable to distinguish from that 
containing the caffeine’, In this way we have not only eliminated any 
possible influence of suggestion, but also the much more important sources 
of error arising from the sensory stimulation produced by swallowing the 
drug and from the interest due to the act of taking it. 

Each experiment was prolonged over a number of days, on some of 
which a dose of caffeine was taken, and on others a dose of the control. 
Both the caffeine and control mixtures were in most cases prepared for 
us by Dr W. E. Dixon for whose kind help in n 


greatly indebted. 


1 In experiments on the action of coffee, Schumberg (Arch. f. physiol. 1899, Suppl. 
8. 296) used a control coloured so as to resemble coffee, but there can have been no 


question here of a control wholly indistinguishable from the coffee. 
PH. XXXVI. 3 
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We took the caffeine in the form of the citrate and the control 
consisted of a mixture of gentian and citric acid. At some time in the 


course of each day's experiment we took a dose of either caffeine or 


control and it was not till the end of the whole experiment that we 
acquainted ourselves with the nature of the dose on any given day. 
During the course of an experiment which usually lasted for eight days 
all the conditions of life were kept as constant as possible, The same 
amount of exercise was taken on each day at the same times, the mental 
work of each day we kept approximately uniform in quality and quantity, 
and as far as possible the same amount of sleep was taken at night. In 
all cases the experiment of a day began half an hour after taking a light 
meal and the use of all articles of diet containing caffeine (and also 
alcohol) was given up completely, and in the case of one of us (R.) had 
been completely given up for more than a year before the experiments 
began and the second experiment of the other was carried on after many 
months complete abstinence from all articles of diet containing caffeine. 

The subjects of the experiments were ourselves, to whom we shall 
refer throughout the paper as R. and W. We used the greatly improved 
form of Mosso’s ergograph devised by Kraepelin and made by 
Runne, Mosso’s method has been subjected to very severe criticism 
in recent years, and the ergogram obtained by this method condemned 
as a very artificial product of muscular activity and as a very unsatis- 
factory record of the course of muscular fatigue. So far as the single 
ergogram is concerned there is no doubt that this criticism is justified, 
but the curve representing the results obtained in a series of ergograms 
probably shows fairly accurately the normal course of fatigue, and it is 
with such curves that we shall deal in this paper. 

It is now generally recognised that the condition of training of the 
muscles must be taken into account in ergographic work, and some have 
gone 80 far as to refuse to test the influence of a drug till the signs of 
imperfect training, chiefly muscular pain and irregularity of the 
ergogram, have wholly disappeared. To us it seemed that the com- 
parative effects of a drug on trained and untrained muscle might be 


_ instructive, and we have taken caffeine in different stages of practice, 


noting the condition of training in each case. In the case of R., 
imperfect training showed itself in the form of pain which was so 
persistent and severe as to make it impossible to carry out the earlier 
experiments in the form in which they were originally devised. For this 


and other reasons the experiments of W. have been more satisfactory and 
will be recorded first. 
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Experiments of the subject W. 


In the first experiment which was continued for eight days (from 
February 26 to March 6, 1906, omitting March 4) three sets, each of six 
ergograms, were recorded on the morning of each day. On four days the 
right hand was used and on the other four the left hand. The weight 
lifted was 4°5 kg.; the interval between the ergograms was two minutes ; 
the interval between the successive lifts two seconds. Between the sets 
there was an interval of half an hour occupied in attending to the 
apparatus while the other subject was performing an experiment, so 
that during the in he arms were exercised gently and there was 
a certain amount of m occupation of an unfatiguing kind. 

The dose of citrate of caffeine was 03 gm. which was taken on four | 
days ten minutes before the beginning of the second set of ergograms, 
while the dose of the control mixture was taken at the corresponding 
period of the work of the four normal days. 

Three features of the work are recorded: the work itself expressed 
in kilogrammetres (kgm.); the numbers of the contractions ; and the 
average heights of the contractions obtained by dividing the total height 
through which the weight was lifted by the number of contractions. 

Table I gives the results for the work of this experiment, the figures 
giving the amount of work executed in the average ergogram, taking 
the figures for both hands together. Thus in the average first ergogram 
of the four caffeine days 5 kgm. of work was done, while on the control 
days the work of the average first ergogram amounted to only 4 kgm. 
Since the caffeine or control was not taken till before the beginning of 
the second set, this means that the work done at the beginning of 
caffeine and control days differed in absolute amount. This difference 
in the absolute amounts of work for the two groups of days tends to 
obscure the effects of the drug, and in order to compare the course of the 


TABLE I. EZaperiment F. i. Work in kilogrammetres for 
average day. Both hands. 


First set Second set Third set 
— ꝶon—ů gAĩ 
Caffeine Control Caffeine Control Caffeine Control 


4 7 

Ist ergogram 65-0(100) 4'0 (loo) 22(64)  29(61) 1-7 (42) 
and, 18 (87) 17 (45) 1-2(25) 09(20) 07,6) 

d „ 12 (25) 12 (81) 10% 0% % 08 (10 

“th „ 10 (20) 10 (25) 09(19) %% 0-4 (9) | 
Sth „ 10 (19) O07 (i) os d os (%% 08 (0 

„ 08 (17) 06 (15) 08 (8) Of (5) 
Total 10-8 (oo)  9-2(100) 60 51(56) (% (42) 

3—2 4 
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caffeine and normal days more clearly we have added in brackets the 
value of each average ergogram expressed in percentage of the work of 
the first ergogram, and in Fig. 1 these percentage results are recorded 
in the form of curves together with curves constructed from similar data 
for the number and average height of the contractions. 
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As the dose, whether of caffeine or control mixture, was not taken till 

the interval between the first and second sets, the work of the first set 
was done under the same conditions in each group of days, and the two 
curves for these sets should therefore show a close correspondence. The 
_ closeness of the actual correspondence seems to provide evidence of the 
satisfactory nature of our method and serves to justify the device of 
expressing the results in percentages of the first ergogram. 
The total work of each set given in the bottom line of the table 
seems to show a distinct drug effect, the percentage results showing a 
much greater diminution on the control than on the caffeine days, but 
the difference though distinct is not very great. In the curves showing 
the course taken by the work in the individual average ergograms of 
each set the effect is naturally less obvious and comes out most decidedly 
in the first ergogram of each set. The increase however is present 
throughout nearly the whole of the second and third sets though in 
diminished amount, and the work under the influence of caffeine only 
falls below the work of the control days in one ergogram of the third 
set. 

The constancy of the difference between the caffeine and the control 
curves justifies the conclusion that the data show a real though only a 
slight effect of the drug, for if the differences had been due to chance 
variations we should have expected the relations between the two curves 
to be less regular. We have worked out the probable errors of the 
differences between the two percentages in several cases, though the 
number of data is not sufficient for the satisfactory application of this 
statistical measure. In those cases in which there is evidence of a 
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caffeine effect the probable error is only about half the actual difference, 
and is thus not sufficiently smaller to allow much weight to be attached 
to any one of the differences taken in isolation, but the largeness of the 
probable errors is almost certainly due to the unsuitability of the data 
for this method of treatment. : 

The curves for height and number of contractions show that the 
effect on the work of the first ergogram of each set is due to an increase 
in the number of contractions, while the effect throughout the whole 
course of the sets shows itself chiefly in increase of their heights. 

This experiment was carried out in an early condition of training as 
will be very evident from the sample of the ergograms of the first day 
given in Fig. 2 4. The irregularity of the ergograms, especially towards 
the end of each set, is very great, and presents a very striking contrast 
with the ergograms (Fig. 2 B) of the same worker a few months later. 

In the preceding table and figure we have put the results for the 
two hands together. In Table II we give in summarised form the work 
of the complete gets for the two sides separately, the results of the 
second and third sets being expressed as percentages of the total work 
of the first set, the latter being added in brackets. It will be seen that 


the caffeine effect seems to be much more pronounced on the right side, 


but s these figures are based in each case on the work of two days only, 


it’ is very doubtful whether any great importance attaches to the 
difference. 


TABLE II. Agperiment W. i. Work for sets of six ergograms, 


expressed as percentage of first set. | 

Dose First set Second set Third set 
Right hand Caffeine 100 (97) 100 82 
55 Control 100 (9˙7 66 54 
Left hand Caffeine 100 (12-0) 51 85 
Control 100 (8-7) 43 26 


Six months later (Aug. 18—25, 1906) a second experiment was 
carried out by the same subject. It was conducted on the same general 
lines as the first but there were several important differences. In order 
to follow the effect of the drug for a longer time five sets of ergograms 
were recorded. To the end of the third set the intervals were half an 
hour as in the earlier experiment but the two remaining sets were taken 
at intervals of an hour, so that the total duration of the experiment of 
each day was 4} hours and, the dose being taken as in the first experi- 


ment ten minutes before the beginning of the second set, the effect of 
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the drug was followed. for over 34 hours. The intervals were occupied 


1 
2 
8 
4 
5 
6 


in the same way every day. In the first two intervals light work was done 
in connection with tracings (cutting them up, pasting them in a book, 
etc.); the third interval was passed in light reading and a few biscuits 
were eaten; the fourth interval was occupied in making calculations of 


percentages, etc., i.e. in mental work of a tedious but not arduous char- 


acter. A second difference was that the dose was increased from 0°3 to 
05 gm. A third and very important Gifference was connected with the 
condition of training. During the inpéryéning months a number of 


experiments had been carried out bygiire’Subject to test the influence of 


alcohol in which the left hand had been exclusively used. In consequence 
the left arm was by this time in a very completely trained condition, 
while the right hand had had 
experiment. 

Owing to the prolonged training of the left hand the ce 
through which the weight of 4°5 kg. was lifted in the largest erg; 
so nearly approached the available height of the scale, that the weight 
for this hand had to be increased to 5 kg., but that for the right hand 
was 4°5 kg. as in the earlier experiment. 


TABLE III. Zzaperiment W. ii. Average day's work. Both hands. 


5B (100) 
8-0 (59) 29 
(64) 
24 (48) 
28 (46) 
22 (45) 


4°5 (100) 


(66) 


2-4 (58) 
18 (41) 
1-9 (48) 
1-9 (42) 


Second set 
— — 
Eryogram Caffeine Control Caffeine Control 


41 (81) 
2-6 (51) 
2-2 (44) 
(45) 
2-0 (40) 
2-2 (44) 


8-0 (70) 
1°8 (44) 
1-6 (87) 
1-4 (81) 
1-8 (81) 
1-8 (30) 


Caffeine 
8°8 (75) 
(47) 
1-9 (88) 
1-6 (81) 
18 (36) 
16 (83) 


Total 18-3 (100) 15-8 (100) 16-8 (88) 10-4 (67) 12-9 (70) 


Control 

2°8 (68) 
18 (81) 
1-8 (29) 
1-8 (82) 
1-1 (25) 
1-0 (24) 


Fourth set 


Caffeine 

8°5 (69) 
2-1 (42) 
1-6 (82) 
1-9 (38) 
1-5 (81 
1-6 (81) 


8°9 (57) 12°2 (66) 


Control 

(60) 
1-6 (89) 
1-8 (81) 
18 (30) 
1-1 (26) 
0-9°(22) 


86 (72) 
1-9 (89) 
1-6 (32) 
1-6 (83) 
1-8 (25) 


1˙8 (81) 


8-7 (56) 11°5 (62) 


Control 


2°5 (59) 
14 (34) 
1-2 (29) 
1-2 (27) 
11 (26) 
0-8 (19) 
8°2 (52) 


The results for the work of both hands taken together are given in 
Table III, arranged in the same way as the results of the first experiment, 
and in Fig. 3 are given the percentage results for work, number and 
height. It will be seen that there is a very close correspondence with 
the results of the first experiment, but that the effect is more pronounced. 
The caffeine taken ten minutes before the second set seems to have 
produced a remarkably constant increase, the caffeine curves only 
touching the same level as ~ normal curves in two places and never 


falling below them. The i is perhaps rather greater at the 
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beginning of each set“, but the predominance of the effect in the first 
-ergogram is not so striking as in the earlier experiment. We have 
worked out the probable errors for all the ergograms of this experiment; 
their most striking feature being, that in the first set ere is no 
question of a drug effect the probable errors are much greater than the 
actual differences, while in the succeeding sets the probable errors 


usually smaller than the differences. 
Qo 


Average Height 


gevrvets 


Fig. 8. Experiment W. ii. X. Caffeine citrate 0-5 gm. Y, Control mixture. 
Weight, right hand 4°5 kg., left hand 5 0 kg. 

As, in the case of the first experiment, there can be little doubt that 
this statistical measure is not suited to a series consisting of so small a 
number of days; the most satisfactory guarantee of the reality of the 
drug effect is provided by its constancy and by the consistency of the 
results of the two experiments. 


1 The first (and last) ergograms of a set are usually more variable than the rest, being 
more easily influenced by chance circumstances, but in this case the increase for the first 
ergogram is so constant in both experiments that it probably indicates a real effect. 
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The curves which express the numbers and heiglits of the contractions 
show, as in the first experiment, that the increase in the first ergograms of 
the sets is due to an effect on the numbers, while the effect throughout 
the course of the sets is due predominantly to increase in the heights. 
These curves of the second experiment thus agree in a remarkable 
manner with those of the first experiment, and this agreement of the. 
two experiments in these respects justifies us in attaching more weight 
to the small differences in the first experiment than we should otherwise 
have done. 

In Table IV are given the figures for the two hands arranged on the 
same plan as in Table II and they show that, as in the earlier experiment, 
the caffeine effect appears to have been greater on the right side. We 
were at first inclined to ascribe the difference in the action on the two 
sides to some difference in the amount of training, but since in the first 
experiment there was no appreciable difference in this respect, while in 
the second experiment the left side had had far more practice than the 


TABLE IV. aperiment W. ii. Wort for sete of 6 ergograms 
expressed as percentage of the first set. . 


First set Second set Thürd et Pourth dt Fifth set 
Right hand Caffeine 100 (17-9) 77 61 60 68 
(4 kg.) Control 100 (15-0) 59 46 42 40 
Left hand Caffeine 100 (18°8) 89 79 72 69 
(5 kg.) Control 100 (15-6) 75 68 70 65 


right, and the effect was in each case more pronounced on the same side, 
this explanation can hardly apply. The subject is left-handed, and it is 
just possible that this may be the cause of the difference, and if so, it 
would suggest that the caffeine has the greater effect on the less 
practised muscle. It must be remembered that, as in the first experiment, 
there were only two days’ work in each case, and it is possible that the 
difference would not be confirmed in a longer series. 


Experiments of the subject R. 
of R. it was 
six ergograms owing to the fact that so large a number produced such 
muscular pain as to render further continuance of thé experiment 
impossible. After several fruitless attempts an experiment cf four days 
was carried out on Mar. 1—5 (omitting Mar. 4) in which three sets of 
ergograms were taken, but each consisted of four ergograms only, two 
taken with each hand. In other respects the conditions of the experi- 
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ment were exactly the sane as in the first experiment of W., the dose 
of caffeine being 03 gm. Even in this experiment several ergograms 
were brought to a premature conclusion by pain, and owing to this 
incompleteness we do not give the results in detail, but record that 
while on the normal days the total work of the second and third sets as 
compared with the first set decreased by 25°0 and 16°7 /, respectively, 
the work of the second set on the caffeine days only decreased by 3˙2 % 
while the work of the third set increased to the extent of 16°4 °/, 

The second experiment with the same dose lasted for eight days 
(Mar. 6—8 and 12—16) on four of which the contractions of the finger 
were carried out in the usual manner (see Fig. 4.4), while on the other 
four days each contraction was only allowed to reach two-thirds of its 
usual extent (see Fig. 4 B), by means of an obstacle placed in the way of 
the moving finger. In this experiment, as in the first, only two ergograms 
were executed with each hand in each set, and the course of the effect 
of caffeine could be represented for so short a time that we do not give 
the results for each ergogram, but have grouped the results of each set 


together in Table V. 
TABLE V. Experiment R. ii. Average day. Both hands. 
Complete Contractions. 


First set Second set Third set 
Work (in kgm.) Caffeine 6°8 (100) 7°6 (112) 8°5 (125) 
Control 78 (100) 71 (92) 6˙1 (78) 
Number of con- Caffeine 45 (100) 49 (100) 55 (128) 
tractions Control 49 (100) 49 (99) 43 (86) 
Average height Caffeine 3-4 (100) 8°5 (101) 8°4 (100) 
(in om.) Control 3˙8 (100) 82 (91) 8-2 (91) 
Incomplete Contractions. 
Work Caffeine 5-2 (100) 6-7 (130) 66 (126) 
Control (100) 58 (99) 55 (94) 
Number of con- Caffeine 81 £100) 65 (181) 64 (128) 
tractions Control 58 (100) 59 (101) 55 (960) 


In the case of both complete and incomplete contractions it will be 
seen that there was a very decided caffeine effect, so decided as to be 
beyond all doubt. In the case of the complete contractions the amount 
of work on the caffeine days increased by 25% while on the control days 
it fell off to the extent of 22% this increase on the caffeine days being 
due preeminently to increase in the numbers of the contractions, though 
there was also an effect on the heights, for these remain level instead of 


decreasing as on the control days. 
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In the case of the incomplete contractions the effect of the caffeine 
is not so pronounced and is more decided in the second than in the third 
set of ergograms. The figures for the normal days show that the fatigue 
produced by one set of ergograms was less than with complete contrac- 
tions, the work only falling off to the extent of asi instead of 22% as 
with the complete contractions. 


Fig. 4. 


We have compared the ergograms taken with the two hands and find 
that there is evidence of a somewhat greater caffeine effect on the left 
side, but it is very doubtful whether the difference is large enough to be 
of any significance. In the case of the complete contractions the increases 
on the caffeine days were 8°7 and 16°7°/, on the right side and 15°6 and 
341% on the left, as compared with decreases on the normal days of 11°7 
and 16°8 / on the right side and 4°5 and 271% on the left side. With 
the incomplete contractions the increases on the caffeine days were 120 
and 18°4°/, on the right side and 482 and 34°1°/, on the left side, while 
on the normal days there were decreases of 4°8 and 48°/, on the left 
side and an increase of 2˙38% on the right side in the second set, followed 
by a decrease of 6˙9 / in the third set. 

Six months later a third experiment with caffeine was carried out by 
the same subject. By this time he had undergone so prolonged a 
training, chiefly in connection with work on the effect of alcohol, that he 
was able to perform an experiment in which the work of each day con- 
sisted of five sets, each of six ergograms, so that the work is exactly 
comparable with that of W. except that only one hand, the right, was 
used. The dose of caffeine was the same as that taken by W. in his 
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second experiment, viz. 0°5 gm. The experiment was designed to last eight 
days but the effect of this dose of caffeine, though taken in the middle 
of the day, was to produce obvious disturbance of sleep at night, and as 
this rendered the experiment unsatisfactory it was discontinued after 
six da | 
The results of the experiment are given in Table VI, from which it 
will be seen that if attention were paid solely to the total work of each 
set of ergograms (given in the bottom line), any caffeine effect would 


TABLE VI. Japeriment R. iii. Work. Right hand. 
First set Second set Third set Fourth set Fifth set 


Ergogram Caffeine Control Caffeine Control Caffeine Control Caffeine Control Caffeine Control 


1 
2 
8 
4 
5 
6 
Total 


8-4 (100) 8-2 (100) 4-1 (121) 4-0 (182) 4-6 (186) 3-2 (108) 5-0 (145) 8˙8 (108) 4-4 (198) 8-5 (116) 
8-8 (109) 87 (117) 4-2 (122) 4-1 (182) 4°8 (127) 8-4 (109) 4-0 (116) 8-9.(128) 8-8 (112) 3-9 (126) 
41 (121) 4-0 (129) (108) 8°5 (112) 8-5 (102) 8-2 (104) 8-4 (100) 8°7 (119) 8°5 (102) 38-2 (104) 
87 (107) 8-6 (118) 8-8 (98) 8-2 (103) 8-2 (98) 8-1(101) 28(81) 8-8 (107) 2-9(86) 8-0 (98) 
85 (102) (100 (91) 29(95) 29(86) 29(98) 27(80) 80(97) 26(76) 3-1 (98) 
8-4 (99) 29(96) 27(78) 25(81) 2-6(76) 28(90) 27(78) 38:0(96) 2˙8 (76) (90) 
21-9 (100) 20°8 (100) 20-9 (96) 20-2 (97) 21-1 (97) 18°6 (90) 20-6 (94) 20-2 (97) 19°7 (90) 19°5 (94) 
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seem to be wholly absent. The examination of the individual ergograms 
of each set, however, reveals a very pronounced effect, which is shown in 
a striking way in Fig. 5. 

In the second set, begun ten minutes after taking the dose, there is 
no sign of any caffeine effect, the caffeine curve even falling below that 
of the normal days. In the third and fourth sets there is a very pro- 
nounced increase in the first or first and second ergograms, while in the 
remaining ergograms the curves of the caffeine days fall below those 
of the control days. It becomes obvious that the apparent absence of 
any caffeine effect in the totals for the sets is due to the circumstance 
that each set consists of six ergograms, and that if there had been more 
in each set the effect of the caffeine would have been to decrease the 
total amount of work, while if there had been fewer the effect would have 
been to increase it. 

This experiment was carried out in the very hot weather of Sept. 1906 
and, perhaps a fact of even more importance, at the end of a summer of 
extremely hard work on the part of the subject. Further, the general 
effect of the drug seemed to show that the dose was abnormally large for 
the subject, who at that time had abstained completely from the use of 
all caffeine-containing articles of diet for two years. It is possible that 
these conditions taken together bring the experiment to the verge of the 
pathological, and we are not inclined to conclude from this experiment 
that caffeine in the conditions under which it is usually taken acts as an 
accelerator of fatigue, though the experiment suggests strongly that it 
may so act either if taken in excess or when taken in not very large 
doses by those unusually susceptible. _ 

In these observations the course of the first set of six ergograms is 
not so regular as in the case of W., and as it seemed possible that the 
expedient of expressing the results in percentages of the first ergogram 
might be unsatisfactory and give an untrue picture of the course of the 
fatigue and of the drug effect, we have worked out the curves expressing 
the results as percentages of the average ergogram of the whole of the 
first set, i.e. as percentages of the quantity obtained by dividing the 
total work of the first set by 6, but the curves so obtained agree so closely 
in their general features with those obtained by our customary procedure 
that we have not thought it necessary to publish them. 

The curves of Fig. 5. make it. very clear that in the case. of this 
subject the increase at the beginning of each set is due to increase both 
in number and height of the contractions, but that the decrease as the 
sets of ergograms were continued was entirely due to decrease in the 
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number of the contractions ; the curves for the height even remaining in 
some cases above those of the normal days, though not to an extent 
which would justify any decided conclusions as to the action of the 
caffeine in this respect. | 

CONCLUSIONS. 

The general results of the experiments recorded in this paper are as 
follows: firstly, the conclusion of all previous workers is confirmed that 
caffeine produces an increase in the capacity for muscular work, this : 
increase being not due to the various psychical factors which it has been a 
the especial object of our work to exclude. 

Secondly, in the two subjects tested it is evident that the caffeine has 
had an effect quantitatively very different. In considering the experi- 
ments of one we had to discuss whether the effect was greater than : 
might have been due to chance variations, while in the case of the other 
with the same doses the effect of the drug was so obvious as to place it 
beyond all doubt. 

Thirdly, and this is the most important point, we have found a very 1 
decided difference between the two observers in the action of the drug 
at different stages of a set of ergograms. In one the action, though 
somewhat more pronounced at the beginning of each set, continues to 
the end of the set of six ergograms; in the other the increase due to the 1 
caffeine is present only at the beginning of each set to be replaced bya a 
decided fall below the normal towards the end. 4 7 

Lastly, we have found a difference in the effect of the drug on the 3 
number and height of the contractions respectively. In one (W.) the 5 
effect of the drug is predominantly on the height of the contractions, while 
in the other (R) it is predominantly on the number, but though in W. the 
effect throughout the sets is chiefly on the height, the initial effect 
in his case is on the number, suggesting that the initial effect in his 
case may have been of the same nature as the increase in the case of R., 
while, in spite of the general falling off in number in the case of R, there 
is some indication of an increase in height which is maintained through- 
out the sets. | 

These facts seem to point strongly to a double action on the part of 
caffeine. One effect which is constant throughout a set of six ergograms 
and another which shows itself chiefly at the beginning of each set, the 
former acting predominantly on the height of the contractions, the 
latter on their number. The former effect, so far as our experiments go, 
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is one which may be said to diminish the effects of fatigue, while the 
other is merely of the nature of a transitory stimulation followed by so 
great a reaction that we are justified in speaking of the effect as one of 
acceleration of fatigue. In one of us (W.) both kinds of action seem to 
be present, the former being more decided than the latter, which only 
shows itself in slight measure in the first ergograms of each set. The 
early experiments of the other of us do not provide data for the 
detection of this double action, but his last experiment would seem to 
indicate that the action of caffeine as an accelerator of fatigue was 80 
great as to mask almost entirely any traces of the former kind of effect 
which may have been present. 

While our experiments show the existence of this double action with 
a high degree of probability, they tell us little about the nature of each 
kind of action. From this point of view the most salient fact is, that 
the prolonged action is predominantly on the heights of the contractions 
while the transitory action is chiefly on the number. Previous workers 
who have attended to the differential action of caffeine on height and 
number have found its action chiefly on the former, though a scrutiny 
of their figures shows that there has also been in many cases an effect 
on the number of contractions. 

It has been supposed, especially ee that the action of 
caffeine in increasing height has mainly a peripheral seat, and if we adopt 
Kraepelin’s hypothesis that peripheral action shows itself chiefly 
by affecting the height, and a central effect by affecting the number, we 
shall find that our facts are, at any rate, not inconsistent with it. We 
should expect a factor which produces an increase by central stimulation 
to be followed by a reaction, the effect of the central excitation would be 
to produce greater activity, the result of which would only be to exhaust 
the muscular mechanism more rapidly. The peripheral effect, on the 
other hand, may be due to some alteration in the supply of energy, 
whether it acts as an actual source of energy or merely as a means of 
altering its economical use, which we should expect to show itself for 
prolonged periods. 

It is well known that caffeine acts on the isolated neuro-muscular 
mechanism, and we know from experiments on the capacity for mental 
work that it has an effect on central activity. The chief interest of our 
experiments is that they provide definite evidence of the presence of 
this double action in the case of the capacity for muscular work. 
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THE HALDANE-SMITH METHOD OF ESTIMATING 
THE OXYGEN TENSION OF THE ARTERIAL 
BLOOD. By W. A. OSBORNE. 


(From the Physiological Laboratory, University of Melbourne.) 


3 1. General theory. 


THE method of estimating the oxygen tension of arterial blood which 
was introduced by Haldane and Smith’ is based upon the fact that 
hemoglobin forms a dissociable compound not only with oxygen but 
also with carbon monoxide, and that when hemoglobin in solution is 
exposed to a mixture of carbon monoxide and oxygen for an interval of 
time sufficient for the establishment of equilibrium, the ratio of the 
pressure of the carbon monoxide to the pressure of the oxygen in the 
air (and of course in the solution) is a constant multiple of the ratio of 
the concentration of the carboxybæmoglobin to the concentration of the 
oxyhsemoglobin, We may express this relationship as follows: 

pressure of carbon monoxide _ K concentration of carboxyhsmoglobin 

pressure of oxygen | concentration of oxyhemoglobin 
or simply 


If now the amount of hsemoglobin which is unattached either to oxygen 
may write equation (I) as follows: 

3 


1 This Journal, xx. p. 407. 1896, 
Bohr e from theoretical grounds would expect this equation to read 


88 of Haldane and Smith and of Hüfner do not bear this out. (See 
article by Bohr in Nagel’s Hab. d. Physiol. 1. p. 78. * 
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where a is the percentage saturation of the hemoglobin with CO. If 
then a, K, and poo are known we can at once determine the value 
of po. In the experiments of Haldane and Smith an animal breathed 
a definite percentage of carbon monoxide mixed with air; when 
equilibrium was supposed to be established, the percentage saturation 
of the hemoglobin of the animal with CO was determined by a colori- 
metric method. It was invariably found that this percentage saturation 
with CO was lower than that obtained by subjecting blood in vitro to 
the same mixture of gases. If these experiments were correctly 
performed and if no physical explanation of the fact is forthcoming, we 
are compelled to adopt one of the following assumptions : 

1. The lung does work by keeping the carbon monoxide from 
en 
2. The lung does work by forcing the oxygen inwards. 

3. The lung does work both by keeping the carbon monoxide out 
and by foreing oxygen in. 

As regards these three alternatives we may at once follow Haldane 
and Smith and pronounce nos. 1 and 3 untenable on account of the 
rapid absorption of CO by the lung and the fact that this gas is not 
a protoplasmic poison, at least with the metazoa. | 

The pressure of the CO in the air breathed, subject to a slight 
reduction owing to the admixture with water-vapour in the alveoli, will 
therefore give us poo. The constant K can be determined from the 
curve of dissociation of carboxybemoglobin in the presence of a constant 
pressure of oxygen. A simple calculation will then give a value for po,, 
or the oxygen tension in arterial blood. Using g.colorimetric method 
(to be criticised later) for determining a J Haldane and Smith, 
as a result of their experiments, announced that the oxygen tension of 
arterial blood was higher than that of the air breathed, in the case of 
the human being as much as 38˙5 % of an atmosphere’, If this 
conclusion is correct the absorption of oxygen by the lung is not a 
purely physical process; on the contrary the lung is a secreting organ 
doing work by forcing oxygen into the blood against pressure, 

Abandoning the teleological argument against this view, namely 
that increased oxygen tension means only a trivial increase in the 
amount of oxygen absorbed, as also the argument from analogy, namely 
that wherever work is done in the body we generally find cells rich in 
protoplasm, I shall confine myself to a criticism of those portions of the 


1 This Journal, XXII. p. 237. 1897. 
PH. XXXVI. 4 
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investigation of Haldane and Smith which are based upon experimental 
evidence. 


2. The determination of K. 


By means of his colorimetric method Haldane in 1895’ obtained 
a curve of dissociation of carboxybemoglobin in the presence of air, 
that is, in the presence of oxygen at a pressure of 209 / of an 
atmosphere. This curve is partly reproduced in curve (1) in Fig. 1. 
In 1896 Haldane and Smith* using the same method but excluding 
the disturbing influence of strong sunlight altered this curve and 
gave it the form reproduced in curve (2). In 1897* the same 
investigators, using the same method, but allowing a longer time 
for the establishment of equilibrium, obtained a curve (3) which is 
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Fig. 1. 


a rectangular hyperbola and from which for the first time a value 
could be given to the constant K, namely 00032. It might be 
thought that finality had been reached when so regular and definite 
a curve had been obtained and that no further investigation on 
the subject was called for. But this is by no means the case, for 


1 This Journal, xvm. p. 451. 1895. 
® This Journal, xx. p. 506, 1896. This Journal, xx. p. 283, 1897, 
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Hüfner, by means of his spectrophotometer, obtained a curve (4) 
which is likewise a rectangular hyperbola and from which the constant 
K can be calculated as 00064 or exactly double that obtained from 
Haldane and Smith’s curve. It is obvious that either the method or 
conditions of experiment must be wrong in one case or the other or in 
both. Haldane, moreover, in 1895* obtained by this same colorimetric 
method a curve for the dissociation of carboxyhemoglobin in the 
absence of oxygen. This curve is again a rectangular hyperbola, but a 
reference to Haldane and Smith’s work in 1897 shows that this curve 
has been completely repudiated. The values found in these latter 
experiments are also considerably higher than those obtained by Bock“ 
with the absorptiometer, a fact which Bohr is inclined to attribute to 
the different concentrations of hemoglobin employed. 

When one considers the fact that the whole question as to the curve 
of dissociation of oxyhwmoglobin is at present in a very unsettled 
condition“ no surprise need be felt, when the much more difficult 
determinations of the values for carboxyhemoglobin are found to give 
discrepant results. 

| 3. The colorimetric method. 

This colorimetric method for determining the relative concentrations 
of carboxyhzemoglobin in presence of oxyhemoglobin is well known and 
need not be described in detail. In principle the method consists in 
adding to a definite amount (a c.cs.) of dilute blood, a volume of standard 
carmine solution (b c.cs.) so that the tint is identical with the tint of 
the blood to be examined which has been equally diluted. Then a 
further amount of carmine (c c.cs.) is added until the tint is equal to 
blood equally diluted but saturated with carbon monoxide. The 
percentage saturation (x) of the blood examined will be obtained from 
the simple proportion : 

+c 


b 


that is to say the ratio between the concentration of the carboxy- 

hemoglobin present and the maximum concentration possible, equals 

the ratio between the concentrations of carmine. The principle of the 

method is, as far as I am able to judge, sound, but in the technique there 

are undoubted errors. At the very outset it may be observed that two 
1 Arch. . exp. Path. u. Pharm, xuvm1. p. 99. 1902. 2 loc. cit. 


Centralbl, Physiol. vim. p. 885. 1894. 
* See for instance Loewy, Archiv. f. Anat. u. Physiol. (Physiol. Abt.), 1904, p. 231. 
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fundamental laws of colorimetry have been violated. First the solutions 
to be compared are contained in tubes of circular section, the light 
passing through the tubes perpendicular to their length. The field of 
colour is in each case not uniform and, as the tubes act as cylindrical 
lenses, some of the peripheral rays do not reach the eye. In the second 
place the tubes are some distance apart whereas the two fields of colour 
ought to be separated by a theoretical partition. These two errors 
must of necessity prevent one from obtaining consistent results and 
such has been my personal experience, though I have followed the 
directions of Haldane and Smith implicitly and have further made a 
series of experiments with different concentrations of blood and of 
carmine. I have prescribed the method to students of science and 
medicine who had shown considerable skill in titrimetric and other 
analyses but they could never obtain by it a consistent series of 
observations, I do not doubt that prolonged acquaintance with the 
method will reduce the range of discrepancies but, speaking from my 
own experience, I have been unable, though I have worked with the 
utmost 8 4 obtain results which could be regarded as having any 
scientific value. Even in the protocols of experiments which Haldane 
and Smith publish at the close of their last paper the absence of a 
sharp end-point is noticeable. Thus in the first experiment’ we find 
“A. Titration up to tint of animal’s blood, 
2˙7 c.cs. of carmine not quite enough 
29 c.cs, right 
Slecs. „ 
38c.cs._,, 
3˙5 c.cs, slightly too much. 
B, Titration up to tint of same blood saturated with CO, 
5°4c.ca. not quite enough 
5°7 c. os. right 
60 C. „ 6˙0 c. os. 
C. 08. „ 
6'6 c.cs, slightly too much.” 
It will be seen that three values are given for each end-point, and if 
we take in series each one 22 
a . of the three values in the first determination 
in conjunction with each one of the three values in the second 


determination we get values for the percen saturation varying 
between 65°9 and 746. 


1 Joc, cit, 1897, p. 286. 
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Apart from the inconsistencies due to working with cylindrical 
lenses placed some distances apart, there is another source of error which 
I had detected and had spent some time in confirming, before I 
discovered that it was admitted by Haldane and Smith themselves. 
This is the fact that, with alterations in the quality of the light, the 
amounts of carmine used in the two titrations do not alter puri passu, 
and in consequence different values may be assigned to the percentage 
saturation of a blood solution of constant quality. Haldane and 
Smith state’ “...reference to the notes shows the apparent difference 
to have been brought about by slight changes in the quantity of carmine 
necessary to reproduce the tint of complete saturation. In many cases 
the light was failing and at the same time changing in quality towards 
the end of the experiment, and when this was the case less carmine was 
needed to reproduce the saturation tint.” It has always been my 
experience that the titrations performed towards evening varied in 
a marked manner from those done earlier on the same day or on the 
following morning; usually I obtained a higher percentage. Not only 
does this irregular variation occur with evening light but I have been 
able to detect it by day when the background against which the tubes 
were held was in any way varied. Working with the same solutions of 
blood and carmine I have noticed within balf an hour that the amounts 
of carmine added were altered according as I held the tubes against 
blue sky, grey cloud, whitewashed wall, or frosted window. These 
alterations were greater than could be accounted for by the ill-defined 
end-point given by the tubes and invariaby consisted not only in an 
alteration in the absolute but also in the relative amounts of the 
carmine added in the two titrations. Haldane, in his article on the 
Detection and Estimation of Carbonic Oxide in Air“, utters an explicit 
warning that the titration should not be carried out in extra bright 
light, or in dull weather, or towards evening,” but I have been able to 
observe changes in a fairly well-lighted room in bright weather 
which altered the determinations very considerably. I have even 
noticed a change when a red brick building opposite one of the windows 
of the room, but not that at which I was working, was strongly 
illuminated with sunlight. A special series of experiments made with 
blood solution 50% saturated with OO, failed to discover to what 
apparent alteration in light these changes were due. Generally I got 
a high reading towards evening, but on some evenings I got the very 


1 Joc. cit. 1896, p. 518. * This Journal, xx. p. 521. 1896. 
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reverse. Nor were my efforts successful in using as a background a 
screen in a well-blinded room illuminated by a projection lantern either 
with white or coloured light, as the end-points, particularly the full 
saturation end-point, were very indistinct. 

My experience with the method points therefore to the conclusion 
that the readings obtained by it cannot be taken as even approximately 
correct, unless at the same time a control determination is carried out 
with a blood solution containing a known percentage of carbon monoxide 
which should be as near as possible to that of the solution to be examined. 
Even with this improvement the method employed could not give exact 
determinations for the two reasons already specified. 


4. The absorption of carbon monowide. 


One and a half hours were taken by Haldane and Smith as a suf- 
ficient time for equilibrium to be established between the carbon mon- 
oxide breathed and that contained in the blood of the body. That is to say 
in one and a half hours all, or at least by far the greater part, of the blood 
of the body must pass through the lungs and remain there a sufficient 
time for equilibrium to be established. That there should be for one 
and a half hours a “rapid absorption” of carbon monoxide and that 
then this rapid absorption should “suddenly cease” is not what we 
should expect from the general principles of the circulation. Attempts 
to displace the entire blood of an animal by saline solution teach one 
how stagnant the blood flow is in various veins, That similarly 
sequestered blood in the normal animal eventually reaches the lungs no 
one doubts, but its arrival must be spread over a considerable interval 
of time. Moreover it is generally recognised that complete equilibrium 
between gas and fluid, as in determinations of solubility of a gas in a 
liquid, takes a very long time to come about and is practically never 
attained in ordinary experiments. One would expect therefore that the 
rate of CO absorption would remain at a maximum for the minimum 
total circulation time and would then fall in a gradual manner but not 
actually ceasing until after a very long interval. 

That absorption of CO had not been complete and that therefore the 
tension of CO must have been lower in the blood than in the alveolar 
air constitutes the main objection of Seh midi to Haldane and Smith’s 
conclusions, Without doubt complete equilibrium between the blood 
and the alveolar CO had not been attained, but in answer to this it may 


Schmid, Pfliiger’s Arch. 612. 1906. 
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be urged that if Haldane and Smith were unable to detect any 
increase during the two hours following the first one and a half hours 
they were justified in assuming that the equilibrium was sufficiently 
well approximated for their purpose and in ruling this consideration out 
as a possible source of fallacy. 


5, The permesbility: of tha lung to carbon monomide, 


It is evident that the degree of permeability of the lung to CO will 
influence the time taken for equilibrium to be established and not the 
final tension of the gas in the blood. The question of permeability is 
therefore resolved into the question, just discussed, of the absorption of 
the carbon monoxide. 


6. The effecte of carbonic acid. 


As attend and Smith discovered, and as one might expect, the 
tension of carbon dioxide in the venous blood cannot alter the distribu- 
tion of hemoglobin between the oxygen and carbon monoxide at the 
tension in which these exist. I have carried out an experiment in which 
0˙5 % blood was exposed to 0058 % CO in air and to 0059 / CO in a 
mixture containing CO, 9°7 /, O, 213%, the remainder being nitrogen. 
No difference in the tint could be detected. 


7. Owidation or other consumption of carbon monowide in the body. 


That carbon monoxide is not oxidised in the body may be taken as 
proved by the researches of Gaglio'’, Haldane and Smith, and 
Wachholz“, whilst the same researches dispose of the idea that CO is 
bound or used up by the tissues, a view put forward by Schmid* but 
supported by no evidence except the presence of after-effects of CO 

8. Leakage of CO from the blood. 
It is evident that if CO is present in the blood it must eventually 
pervade every cell in the body and penetrate to the centre of the non- 
vascular tissues, such as cartilage, etc.; moreover it must pass into the 
urine and alimentary secretions and, in experiments with man, leave the 
body by the skin. This source of error has not been investigated by 
Haldane and Smith, but it is obvious that the leakage of CO from the 


1 Archiv, f. exp. Pathol, XXII. 236. 1887. 
From abstract in Biochem. Centralbl. v. 182. 1906. ® loc. cit. 
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blood, though present, must be very small. The tension of the CO in 
the blood is low, barely half a millimetre of mercury, whilst the amount 
held by the haemoglobin is relatively large. In the tissues where the 
blood becomes venous, the hemoglobin, by its loss of oxygen, must take 
up some of the CO dissolved in the plasma, thus producing an appre- 
ciable fall in the tension of this gas. Loss by the skin was absent in 
those experiments where the animal was enclosed by the CO-containing 
air, whilst, in the case of man, a comparison with the CO, output, where 
the tension is at least one hundred times greater, shows that the skin- 
loss must be very trifling. 


9. The influence of the counter-diffusion of omygen and 
carbon diowide. 


In 1870 Wretschko! at the instigation of Loschmidt conducted 
an investigation on the diffusion of two gases in presence of a third gas. 
A cylindrical vessel was divided into two equal cylindrical parts by a 
partition which could be withdrawn, thus allowing complete communica- 
tion between the two halves, without, however, allowing any communica- 
tion with the outside air. Each cylindrical half was filled separately 
with the gas mixture, the apparatus was then placed vertically so that 
the heavier mixture was below, the shelf was wi wn, and diffusion 

“allowed to take place for a definite interval of time. The partition 
was then readjusted and analyses made of the constituents of each half, 
after sufficient time had been given for the composition of the mixture 
in each half to become uniform. It was invariably found that, if two 
- gases were allowed to diffuse into each other in the presence of a third 
gas which, before the diffusion, was present in the same percentage in 
each half of the cylinder, during diffusion the third gas was present to 
a greater extent in the upper than in the lower half. For instance, a 
mixture of 75% CO, and 25% H, was allowed to diffuse into a mixture 
of 75°/, O, and 25% H.. At the end of 75 minutes the upper half con- 
tained 25°3 °/, CO, and 25°31 °/, H,, whilst the lower half contained 24°27 °/, 


H,. These experiments of Wretschko at once suggest a possible source 


of error in Haldane and Smith’s researches. In the lung there is a 
constant outward drift of CO, and a constant inward drift of O,, the 
volume of each gas being practically the same. If then it could be 
proved that the outward diffusing CO, hindered the absorption of CO 
more than the inward drift of O, helped the absorption of CO, we 


1 Siteungsb. d. k. Akad. d. Wissensch, Wien, Lu. 575. 1870. 
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should have a purely physical reason why the CO of the blood can never 
attain to the tension of that gas in the alveolar air. It is true that, in 
the lung, diffusion takes place through a membrane which was not 
represented in Wretschko’s experiments. It would be difficult to say 
whether in the substance of the membrane the third gas would be 
equally swept along by the heavier gas in its diffusion. But at the 
alveolar surface of the lung-membrane there is that inflowing current of 
oxygen and outgoing current of carbonic acid which would be analogous 
to the free diffusion described. As, in Wretschko’s experiments, the 
diffusion occurred in a closed system it is obvious that the amounts of 
O, and CO,, which diffused downwards and upwards in unit time, were 
almost identical. 

I have made a series of experiments on the same plan as that 
employed by Wretschko with the object of testing whether when CO, 
is allowed to diffuse into O, in the presence of a small amount of 00 
there is the same heaping up of the latter gas. 

In the first place it will be necessary to discuss the methods of gas 
analysis employed. The apparatus used was the improved Haldane 
form? in which a pipette for the combustion of gases by a hot platinum 
spiral is present, in addition to the potash and pyrogallic pipettes. 

* Haldane has drawn attention to possible sources of error which I have 
also had frequent occasion to observe, such as leakage at the rubber 
junctions and presence of sulphides in the potash. These errors are 
however easily prevented by a little care in the setting up of the 
apparatus and its subsequent manipulation. But there are other sources 
of error which Haldane has not mentioned and which I will here give 
in detail, 

1, I have found that the first analysis of a given sample of air may 
differ very markedly from the second as regards CO, content, whilst 
the second, third, and following analyses are consistent. This error can 
be obviated by driving the residual gas in the burette into the potash 
bulb before the analysis, and then bringing the potash to its mark. Iam 
not quite clear as to the cause of this error or of its prevention; possibly 
the wetting of the glass in the potash levelling bulb makes some difference 
either by surface tension or simply by lowering the level through sub- 
tracting a small quantity of fluid from the column. The mixing together 
of the contents of the potash absorbing bulb and its levelling bulb may 
* glao partly explain the difference. 
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2. On no account should the potash be drawn to any considerable 
height above its mark, otherwise a layer of viscid potash solution clings 
to the inside of the tube and therefore adds to the apparent volume of 
the gas. Neglect of this precaution may produce serious errors when 
small percentages of a gas (CO, or CO) are estimated. 

3. Ihave been quite unable when working with percentages of CO 
under 0°1°/, to draw conclusions of any value from the diminution 
in volume which follows combustion in the appropriate pipette. In the 
first place the mercury in this pipette is necessarily far less sensitive 
than the potash column, and accuracy in bringing it to its mark harder 
to obtain. More important still is the fact that the air in the connections 
between the combustion pipette and the burette is decidedly warmer 
than the air in the latter receptacle. Driving the burette air backwards 
and forwards from the burette into the combustion pipette has little 
value, for, on connecting the burette with the potash pipette, the mercury 
in the combustion pipette may be seen to rise gradually from cooling of 
the air between it and the upper three-way tap. If a long time be 
allowed to elapse in order that this connection-air may come to the 
temperature of the room it is generally found that the control gauge 
has altered so much that a proper correction is out of the question, for, 


as Haldane admits, the control is not quite accurate and changes of any 
considerable magnitude cannot be compensated. It is also possible that: 


there may be some hysteresis of the rubber tube passing from the com- 
bustion pipette to its levelling tube. This tube must dilate under the 
pressure necessary to expose the platinum wires, and its return may not 
be a complete one or may take a considerable time. Fortunately, in the 
experiments to be mentioned, the only combustible gas present was 
carbon monoxide so that I could discard the diminution and depend 
solely on the amount of CO, formed on combustion. 

4. In a number of control experiments I found that, on leading 
fresh pure air into the combustion pipette and heating the wires by the 
electric current, carbon dioxide or other gas absorbable in potash was 


formed in appreciable amounts. This I at first attributed to the fact 


that the lubricant in the tap had been softened by the heat and had 
crept down the tube and been burned. This source of error was easily 
removed, but again I detected a formation of CO, or other combustion 
product. This was eventually traced to the mereury which contained 
combustible material, probably grease. On cleaning out the pipette and 
levelling tube and filling again with mercury which had been bubbled 
some days under strong H,SO, I at last obtained a series of negative 
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* results with air and consistent positive results with a mixture of CO and 


air. After a time, to my no small annoyance, the error appeared again. 
I could think of no other reason for this than that the rubber stopper 
and the rubber tube had given off sulphur or other combustible material 
which either alone or combined with the mercury had been burned. It 
was in fact noticed that, on depressing the mercury, the platinum wires 
did not emerge clean, for, on turning on the current, a dull glow was 
obtained which rapidly brightened whilst vapours of some description 
could be seen eddying in the air-space around. If the rubber stopper 
and rubber tube were done away with and glass connection only 
employed, the levelling, which is infrequently used, could be brought 
about by adding or removing mercury with a fine pipette, but, unfor- 
tunately, I do not see how such a connection could exist and freedom to 
change or repair the platinum coil retained. In the experiments 
described I frequently replenished the mercury, and before every 
analysis tested the · apparatus with pure air. Yet taking all the pre- 
cautions mentioned and relying solely on the amount of CO, formed on 
combustion, I was never able to get exactly consistent results in 
estimations of CO in air when the amount of this gas was present to 
the extent it would be in experiments conducted on animals, namely 
about 0°06°/,. In consequence I carried out most of the experiments to 
‘be described with mixtures containing larger percentages of CO. 

Two metal cylinders A and B (Fig. 2), each with an internal diameter 
of 7-2 cms., were joined in such a manner that a thin 
metal plate could be thrust between the two, com- 
pletely separating one cavity from the other, or could 
be partly withdrawn, allowing complete communica- 
tion between the cylinders but preventing ‘access to 
the outside air. Beeswax mixed with vaseline was 
used as a lubricant. Each cylinder had two outlet 
tubes which could easily be stoppered or connected 
with the gas analysis apparatus. The cylinder A 
had a content of 1100 c.cs., B of 1090 ces. The gas 
mixtures were made in glass gas-holders, the oxygen 
mixture being contained over distilled water, the 
r carbonic acid mixture over water saturated with that 
* gas. A day was allowed to elapse before the mixtures 
were led into the respective cylinders and an analysis 
made immediately before doing so. Into the cylinder A, previously filled 
with water saturated with CO,, was led carbonic acid with no detectable 
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impurity except the CO added. Into B the oxygen mixture was led. 
The oxygen on analysis (pyrogallic absorption) proved to be 96 / which 
may be taken as pure as the remainder consisted of nitrogen which 
differs but little in molecular weight from oxygen. The cylinder B was 
filled at first with water half-saturated with CO,, but, in the last three 
experiments, with distilled water which could make no appreciable error 
by absorption, for I found on unscrewing the apparatus that the amount 
of water which clung to the wall was negligibly small. In neither case 
was the gas, on being led in, allowed to bubble through the water, but 


by various obvious devices was allowed simply to displace the water and a 


current of gas mixture maintained for some time through the cylinder 
after the water had been driven out. When each cylinder was filled its 
outlet tube was immediately stoppered. The apparatus was then 
placed in a vertical position in a sheltered corner of the laboratory with 
the cylinder A containing the CO, mixture below. The shelf was then 
withdrawn and an interval of 55 minutes was ence more pushed in 
between the cylinders. One of the outlet tubes of each cylinder was 
then connected with the gas analysis apparatus; a sample was sucked 
out and driven backwards and forwards for a time (in order to mix the 
contents of the cylinder) and finally retained and analysed. As each 
sample contained considerable quantities of CO,, loss of which in the 
_ potash bulb would bring the mercury into the uncalibrated part of the 
burette, the mixture, after being driven into the potash bulb, was 
imprisoned there for a short time and a sufficient quantity of air admitted 


into the burette which was then mixed with the gas over the potash and 


the mixture completely freed from CO,. Analysis of the CO was then 
made in the usual way, the calculation being based on the fresh CO, 
formed rather than on the diminution in bulk on combustion. The 
table on p. 61 gives the results of the experiments made’. 

Though these values found will not allow any quantitative conclusions 
to be drawn, they prove fairly convincingly that small quantities of CO 
— heaped up in the direction of the diffusing carbon dioxide. That 
this takes place in the lung can hardly be doubted though to what 
extent this action is reduced by the presence of a membrane, by dilution 
with nitrogen and by the wide extent of the area of diffusion it would 
be difficult to say. But one is justified in stating that this action of the 
counter diffusion of oxygen and carbon dioxide is a possible source of 

+ I have omitted two experiments where an attempt was made to use small per- 
centages (0°05) of CO, but the values given for 4 and B before diffusion were so divergent 
that the final result would possess no interest. | 
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error which Haldane and Smith have not dealt with and which must 
vitiate their conclusions. 

Results of analysis of carbon monowide. 
* In percentages. 
Before diffusion After diffusion : 
Experiment A B A B — 

I 026 0-26 0-28 0-28 11—115 
1 611 0-11 0-07 0-18 12 

m 0-26 0-26 0-26 0-28 11—12 
Iv 0-27 0-28 0-25 0-28 18—14'5 

v 0-25 0-25 0-28 0-27 18 

VI 0-09 0-08 006 0-09 14—14'5 
vn 0-14 0-18 0-18 0-14 12—12°5 
vm 0-27 0-28 0-28 0-88 11—12 
x 0-07 0-05 0-06 0-07 18 

CONCLUSIONS. 


1. Haldane and Smith were not justified in concluding from their 
researches that the oxygen tension of arterial blood is higher than that 
of the alveolar air for 

a. The colorimetric method employed cannot give sufficiently 
accurate estimations of carboxyhzemoglobin ; 

b. No account was taken of the counter-diffusion of oxygen and 
carbon dioxide on the carbon monoxide. 


( 2. Some possible sources of error in using e 8 gas analysis 
apparatus are described. 


Towards the expenses of this research a grant was made by the British Medical 
Association on the recommendation of the Science Committee of the Association. 
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ON SULPHHAZMOGLOBIN. By T. WOOD CLARKE anv 
W. H. HURTLEY. 


(From the Laboratory for Chemical Pathology, St Bartholomew's 
Hospital.) 


THE case of sulphhæmoglobinamia recorded by Dr Samuel West and 
one of us” led us to make the attempt to ascertain the nature of the 
substance known as sulphbemoglobin. 

It has long been known that if ee hydrogen is added to 
blood, a change in the blood occurs which is characterised by the 
production of a purple colour and the development of an additional 
absorption band in the red region of the spectrum from x 610 to A 625. 
The substance which gives rise to these changes has never been 
isolated, but it has received the name sulphhemoglobin. The change 
in colour occurs quickly ; the absorption band can be seen in the course 
of a few minutes and gradually increases in intensity. After some 
hours the previously clear solution becomes turbid owing to the 
formation of a greyish-green precipitate: this, however, may be 
removed by repeated filtration, and a clear purple solution obtained. 
We have preferred to add an aqueous solution of sulphuretted 
hydrogen to defibrinated and laked blood to passing the gas directly 
into it as by this method less of the precipitate is formed. Solutions 
so obtained are remarkably stable, the spectroscopic picture remaining 
unchanged for weeks, but acids even in small quantity decompose 
the sulphhzemoglobin, forming acid hematin. Unlike methemoglobin, 
for which it may easily be mistaken, the band in the red is unaffected 
by a little ammonia or ammonium sulphide, the latter reagent, however, 
gradually changing the other two bands to the broad band of reduced 
hemoglobin. 

We have discovered one chemical reaction of sulphhæmoglobin which 
we believe to be characteristic. On passing carbon monoxide into a 
solution of sulphhsemoglobin all the bands are shifted towards the violet, 
the oxyhwmoglobin bands become those of carboxyhzmoglobin while the 
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band in the red moves from x 610—A 625 to x 605—2 620. The carbon 
monoxide for this test must be absolutely free from acid: this we 
effected by passing the gas, generated from pure formic and sulphuric 
acids, through water and subsequently through a tube packed with glass 
wool. This new compound, which we will refer to as carboxysulphhzmo- 
globin, or shortly CO.S.Hb, may also be obtained by passing 
sulphuretted hydrogen into a solution of carboxyhemoglobin. With a 
good spectroscope the formation of COSHb should be a valuable 
confirmatory test for COHb. — 

Sulphuretted hydrogen might act upon hemoglobin in one of three 
ways, either by the formation of a definite sulphur compound, or merely 
as a reducing agent, or by acting in both of the preceding ways. This 
investigation was made with the object of ascertaining which of these 
actions takes place. The first experiments relate to attempts to isolate 
sulphhemogiobin. Our first plan was to obtain pure oxybemoglobin 
and treat this with sulphuretted hydrogen. Both a commercial 
specimen of hemoglobin and one we made ourselves from horse blood 
by Hoppe-Seyler’s method contained so much methzemoglobin that they 
could not be used for the purpose. A portion of the Hoppe-Seyler 
hemoglobin in aqueous solution was reduced by sodium hyposulphite 
(Na, S, O.): this was placed in a desiccator and thoroughly dried 
sulphuretted hydrogen passed through it for two days in the hope or 


- concentrating the solution so far that crystals of sulphhemoglobia would 


be deposited. Before crystals were formed the sulphhemoglobin had 
decomposed; the band in the red had moved to a position identical 
with the methemoglobin band, but the substance so produced failed to 
give the characteristic reaction of methemoglobin with ammonia and 
ammonium sulphide. 

Next, defibrinated and laked horse blood was allowed to stand for 
48 hours with a saturated solution of sulphuretted hydrogen and filtered 
to remove the greyish-green precipitate. This solution, which showed 


a very strong SHb band, was half saturated with ammonium. sulphate 


according to Schultz's method . On standing it deposited a large 
number of brown crystals closely resembling those of hemoglobin. 
These crystals were readily soluble in a small quantity of water, 
yielding a solution which showed a strong, typical, SHb band: on 
leaving the solution to crystallise at 0°C. the sulphhwmoglobin 
decomposed giving the MHb band referred to above. A fresh attempt 
by the same method was made, the crystals first obtained being 
dissolved in a small quantity of water and dialysed at 0° C. to remove 
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ammonium sulphate. The dialysed solution was put in a vacuum over 
sulphuric acid at the ordinary temperature. This specimen also under- 
went the same decomposition as the others. 

Thinking that sulphhemoglobin might be a mixture of products 
formed by decomposition of oxyhwmoglobin several of these were 
studied. We observed that the band in the red shown by an alcoholic 
solution of alkaline hematoporphyrin is in the same position as the 
characteristic band of sulphhemoglobin: in aqueous solution this band 
is slightly nearer the red end of the spectrum. On mixing an aqueous 
alkaline hematoporphyrin solution with fresh blood no change occurred 
in the position of this band, and on passing carbon monoxide through 
the mixture the OHb bands took up the COHb position while the band 
in the red remained unchanged. Similar experiments were made with 
alkaline hematin and blood, with alkaline hematin, blood, and alkaline 
heematoporphyrin, but by no such mixtures could we produce a solution 
having the properties of sulphhwmoglobin solution. 

We then examined the action of a number of sulphur compounds 
which appeared to us likely to form sulphhemoglobin or an allied 
compound, Ethyl mercaptan and ethyl sulphide were added to blood 
and were found to have no action even on long standing. Sodium 
hydrogen sulphite, sodium sulphite, sodium thiosulphate, and sulphur 
did not form sulphhemoglobin. Sodium hyposulphite (Na, S. O.) was 
tried, and on account of the speed with — aqueous solution 
decomposes it was used in the solid form. 2. of this reagent 
changed the colour of blood instantly, ee it a beautiful lavender tint, 
and changed the OHb to Hb. On standing a band in the red 
X 610-4 625 appeared and the Hb band slowly changed back to the 
OHb bands: on further standing or on shaking the band Xx 610A 625 
broadened and moved towards the red end of the spectrum to the MHb 
position. On shaking the Hb produced in this way, with air, the band 
X 610 625 and the OH b bands appeared at once and the solution 
gave off sulphuretted hydrogen. Freshly made ammonium hydro- 
sulphide and sulphide act alike: the OHb is reduced to Hb and a little 
later a gradually increasing SHb band forms. On shaking with air a 
typical sulphhbwmoglobin spectrum is produced. These bands give the 
carbon monoxide reaction. Sodium hydrosulphide behaves like the 
ammonium sulphides, 

Sodium sulphide (Na,S) in strong aqueous solution added to blood 
causes no immediate change: after a few minutes the lower stratum of 
blood assumes a purple colour and shows the bands of hemochromogen, 
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and a band Xx 610— 625: this stratum extends upward till all the 
blood is changed in this way: the substance giving this spectrum may 
be called sulphhwmochromogen SHcr. On passing carbon monoxide 
into the solution the band in the red moved to x 605—A 623 and a new 
band appeared at Xx 630—A 645: the addition of ammonia caused no 
change in either band. A solution of apparently pure MHb obtained 
by allowing a solution of the Hoppe-Seyler hemoglobin above men- 
tioned to stand in the air was treated with the same reagent: it first 
gave OHb and a shading of alkaline hematin, then this changed 
exactly as above to SHcr. This solution wa divided, and one portion, 
treated with carbon monoxide, gave COSHb, while the other on 
standing exposed to the air changed to a reduced hemoglobin which 
showed the red band of SHb. The same solution of sodium sulphide 
added to SHb changed the OHb bands to hemochromogen slowly, while 
the band in the red remained unchanged. 

On the supposition that the change brought about in blood by 
sulphuretted hydrogen might be merely a reduction of a particular kind, 
we tried the action of a number of reducing agents all of which were free 
from sulphur. By the use of sodium stannite (Na,SnO,), potassium 
ferrocyanide, formalin, acetaldehyde, and aniline, although in some cases 

occurred in no case were we able to obtain a product in any 
way resembling sulphhemoglobin. In hydrazine and phenyl hydrazine 
we at first thought we had found reducing agents which could produce 
‘sulphhemoglobin, as on adding these reagents to specimens of blood one 
week old typical but transient bands at x 610 —X 625 appeared. How- 
ever, on repeating the experiment on fresh blood the band x 610—a 625 
did not appear. Thinking that possibly blood a week old contained a 
trace of sulphuretted hydrogen either formed by putrefaction or absorbed 
from the air of the laboratory where this gas was being used and that 
the formation of SHb was accelerated by the hydrazine or phenyl 
hydrazine we made the following experiment: A solution of sulphuretted 
hydrogen was diluted to such an extent that the smell was barely 
perceptible: from a diluted specimen of fresh blood one-third was placed 
in cell A : to the remaining two-thirds a few drops of the sulphuretted 
hydrogen were added, and half of this placed in cell B, the other half in 
cell O. A drop of 4°/, solution of phenyl hydrazine was added to A and 
to B. After stirring the solutions were examined: B showed the band 
of Hb and an intense band X 610—A 625 as soon as it could be 
examined—about three seconds after the addition of phenyl hydrazine: O 
(coritaining blood and SH,) retained the OHb band and showed a band 
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Xx 610—A 625 only just visible after 25 minutes, and it was still faint 
after 90 minutes: A was immediately reduced but. never showed the 
SHb band’. 

This experiment suggests that possibly the etiology of the disease 
known as sulphbæmoglobinemia may lie rather in the presence in the 
blood of some hitherto unascertained reducing agent or of some known 
reducing agent in abnormal amount which allows a normal trace of 
sulphuretted hydrogen to act on the blood than in the presence of an 
excess of this gas. | 

It will be seen that sulghhemoglobin is only produced by substances 
which are reducing agents and also contain sulphur. This led us to the 
view that reduction is an essential factor in the formation of SHb. To 
see whether reduction alsc took place with sulphuretted hydrogen we 
put a freshly prepared aqueous solution of the gas into a cell and 


delivered some drops of blood from a tube to the bottom of the cell: 


the blood was first quickly and completely reduced, then the band 
X 610—A 625 made its appearance. Ammonium and sodium hydro- 
sulphides behaved in precisely the same way. 

The above results do not harmonise with the statement of Hoppe- 
Seyler“ that sulphhæmoglobin could not be produced from reduced 
hemoglobin, but they agree with Harnack’s statement“ that 
sulphheemoglobin can be formed from reduced haemoglobin by the action 
of sulphuretted hydrogen upon it. Harnack stated that Hoppe- 
Seyler’s error was due to the fact that the latter reduced his blood 
with carbon dioxide, and he showed that blood so reduced would not 
form SHb with sulphuretted hydrogen, but that blood reduced by other 
methods would form it. We have repeated Harnack’s experiment and 
are able to confirm the protective action of carbon dioxide against 
sulphuretted hydrogen; but we go a step further and say that reduction 
of OHb to Hb is a necessary step in the formation of SHb. 

Dr Garrod suggested to us that seleniuretted hydrogen might 
behave in a similar way to sulphuretted hydrogen. We prepared a 
solution of seleniuretted hydrogen SeH, and added some fresh human 
blood to it; the blood was reduced after a few minutes and a band 
appeared at x 613—A 628; it gradually increased in intensity and was 
permanent. On shaking the solution with air the OHb bands returned, 
the band A 613—A 628 remaining. On passing carbon monoxide into 
the solution a spectrum indistinguishable from that of CO. S. Hb was 


1 We believe this to be the most delicate of all known tests for sulphureited hydrogen. 


* 
52 
4 
* 
é 
> 
— 7 
* 
: 
7 
9 
* 
8 
7 
N. 
ne 


ON SULPHHAMOGLOBIN. 67 


obtained. We consider this formation of a selenhemoglobin as strong 
contributory evidence in favour of the view that sulphur enters into the 
composition of sulphbsmoglobin. 

The formation of sulphhemoglobin and carbon monoxide sulphhæmo- 
globin and the corresponding selenium compounds could be understood 
on some such plan as the following: 


(Lom 


where H stands for hematoporphyrin and G for globin. 


CONCLUSIONS. 
1. We were unable to obiain crystallized SHD—it exits, but only 


in aqueous solution. 

2. SHb is not a mixture of products formed by the destruction of 
OHb. 

3. The action of CO on SHb or of SH, on COHb forms a new 
compound CO. S. Hb. 

4. For the production of SHb reduction of OH. to. Hb is-a 
necessary preliminary. 

5. Powerful reducing agents greatly accelerate the production of 
SHb from OHb and traces of SH, 

6. Selenhsmoglobin, closely resembling SHb, can be formed. 


We are indebted to Dr Garrod for placing some h»matin and some 
hematoporphyrin at our disposal, and also for his valuable suggestion 
relating to selenium : for this help and for the great interest he has taken 
in our work we wish to record our heartiest thanks. 
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CONCERNING CYSTINURIA AND DIAMINES, By 
F. H THIELE, MD. BSC, MRC P., Pathologist to University 


College Hospital, eto. 


(From the Pathological Laboratory of University College 
Hospital, London.) 


Ir is only of recent date that the occurrence of these substances in the 
excreta has ceased to be regarded as due to abnormal bacillary or 
mycotic action in the alimentary canal, and has come to be recognised 
as evidence of the occurrence of some anomaly in proteid metabolism 
whereby primary proteid cleavage products are excreted unchanged or 
after slight change in the urine and feces. Attention has been 
especially drawn to the condition wherein cystin is excreted because of 
its easily recognisable crystalline form. It however has now been shown 
that the anomaly may not only affect the sulphur containing group of 
the proteid complex but that the other amido-acids may be affected 
similarly to the cystin. It may further be possible that there are some 
cases in which the sulphur containing group may not be affected whilst 
the other amido-acids are. Thus leucin and tyrosin either singly or 
together have been described in the urine of cystinurics by Abder- 
halden and Schittenhelm, Moreigne™, Percival”, and, Piccini 
and Conti“. The anomaly may also affect the di-amido cleavage 
products and lead to the presence of cadaverin and putrescin in the 
excreta, These bodies were first demonstrated in the excreta by 
Baumann and Udranzsky® in a case of cystinuria and since then 
have been noted by other investigators in similar cases. The presence 
of these substances, like that of the other amido-acids, is not constant in 
cases of cystinuria, and further these bodies may be present on one 
occasion and not on others, as has been shown in the cases investi- 
gated by Udranzsky and Baumann” and Garrod and Hurtley®. 
In the former case occasionally no diamines were found for several days, 
and once when investigated by Garcia “ only putrescin was found in 
the urine. In the latter case in the majority of specimens examined no 
diamines were detected, in the rest at times only putrescin was found and 
at others both. As a rule cadaverin is usually found in the urine and 
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putrescin in the feces, These diamines have only been discovered in 
the minority of cases. Cohn® examined a family of seven and found 
no diamines in any of them, Pfeiffer“ examined a similar family with 
like results, in Bidtker’s™ case no diamines occurred, whilst in two 
cases investigated by Stadthagen and Brieger™ only cadaverin was 
noted in the urine. Diamines have not been found in the excreta of 
normal individuals, but Roos u demonstrated them in cholera dejecta, 
W. Hunter™ found traces by treating large quantities of urine from 
cases of pernicious anjmia, Dabrowski" however obtained traces of 
cadaverin by evaporating 100 litres of normal urine. The true origin of 
the diamines was first put forward independently by Moreigne“ and 
C. E. Simon™ who regarded them as due to thé same anomaly of 
arrested proteid metabolism as cystinuria, but affecting the hexon bases. 
Thus cadaverin is derived from lysin by the loss of CO,, 


CH.. NH, .(CH,),CH . NH. COOH = CH, NH,(CH,),CH,. NH, . CO, 
lysin pentamethylene diamine (cadaverin) 


Putrescin is derived from the ornithin fraction of arginin which then 
loses CO, 
O(NH)NH . CH, — H. NH. COOH 


NE. CH, CH. NH,. COOH NON. IN 


diamine (putrescin) + CO, 

This view has gained support from the experiments of N sabe and 
Loewy who administered to their patient, who did not spontaneously 
excrete diamines, lysin and arginin by the mouth and found that with 
the former cadaverin and with the latter putrescin appeared in the 
urine. Garrod and Hurtley “ however tried a similar experiment on 
the case investigated by them with negative results. This is the more 
remarkable because, although at the time of experiment this patient did 
not spontaneously excrete diamines he at a previous period of observa- 
tion had done so. When arginin was administered to him pufrescin did 
not appear in the urine. 

Just as the presence of diamines is by no means constant in the 
urine of cystinurics, in the same way the other amido-acids are also very 
variable in their occurrence. Besides the cases mentioned above in 
which leucin and tyrosin appeared others have been recorded in which 
no such substances were present, as in those of Loewy and 
Neuberg™, Alsberg and Folin™, C. E. Simon d and Garrod and 
Hurtley®. Cystinuric patients again appear to differ in their reaction 
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to mono-amido-acids when administered by the mouth, as they do to 
the di-amido-acids when similarly adm u. ere Thus Loewy and 
Neuberg™ found that leucin, tyrosin an aspartic acid given in this 
way to their cystinuric patient, whose urine was free from such 
substances, could almost be wholly recovered in the urine; whereas in 
the cases of Alsberg and Folin™, C. E. Simon™ and Garrod and 
Hurtley “ tyrosin given by the mouth did not appear in the urine. 
When cystin is fed, similarly, diversity of results has been noted. 

In Loewy and Neuberg’s™ case the results varied according to 
the nature of the cystin administered. When cystin from a calculus 
was thus given there was no increase in excretion of cystin in the urine, 
the whole amount administered was broken up and passed in a more or 
less completely oxidised form, whereas when protein cystin was given by 
the mouth the whole amount was added to the ordinary cystin output. 
In the case investigated by Alsberg and Folin ordinary protein 
cystin given per os was completely passed in the urine as sulphates and 
less oxidised sulphur compounds. 

Loewy and Neuberg™ concluded from their experiments that 
they had obtained confirmation of their view that there are two isomeric 
cystins and that the difference in the results of administering calculous 
and protein cystin was due to differences in the two varieties. They 
found that the ordinary deposit of cystin in cystinuria is identical with 
protein cystin and that its constitution is as has been shown by Fried- 
mann™ a-amino-b-thio-propionic acid, whereas peculiarly the cystin 
forming cystin calculi is an isomer having the composition b-amino-a- 
thio-propionic acid. According to them this isomerism can be explained 
by supposing that the two isomers originate from a carboxycystein in 
the albuminous molecule. Carboxycystein having the formula: 


COOH 
HNH, 


H 


from this protein cystin can be derived by the loss of the “a” acid 
group, thus 


CH,SH 
H, 
H 
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and the isomeric calculous cystin by losing the b acid group, 
00H 


They concluded that their patient was incapable of breaking up the 
“a” amido cystin but could break up “b” amido cystin and that this 
was in accordance with the results that they obtained in the same case 
on feeding leucin, tyrosin and aspartic acid, which also passed unchanged 
into the urine, these also being “a” amido-acids. The “b” amido 
cystin was broken up because it was a variety which did not appear 
normally in the tissues, and so far only “ a” amido-acids are known to 
occur in nature. 

These results are however at variance with the observations of other 
investigators on other cases of cystinuria, who have shown that in their 
cases ordinary protein cystin was completely broken up and oxidised 
and that other “a” amido-acids share the same fate when administered 
to these patients by the mouth. Finally Emil Fischer and Suzaki™ 
throw some doubt on the occurrence of an isomeric cystin in cystin 
calculi and suggest that the difference in the calculous cystin and protein 
cystin is due to the presence of impurities in the calculous cystin, sine 
they were able to demonstrate tyrosin in some calculi obtained from the 
same source as Neuberg. Latterly Abderhalden™ has come to the 
same conclusion as regards the identity of the two cystins as Fischer 
and Suzaki. 

It is of interest to note that other bodies of as yet imperfectly known 
constitution have been found in the urine of cystinuric patients. Thus 
Bédtker™ in addition to benzoyl cadaverin and putrescin found 
another crystalline body on benzoylation of the urine of a case of 
cystinuria examined by him. This substance contained 2°88°/, of N and 
melted at 203°—204°C. Garrod and Hurtley™ in a se recently 
investigated by them, in which at the time of observation the urine was 
free from diamines, found on benzoylation a crystalline substance in the 
form of fine colourless needles melting at 205° C., containing 48 °/, N. 
They came to the conclusion that this body might be possibly in some way 
derived from tryptophan. When tyrosin was administered to the same 
patient another crystalline substance was obtained on benzoylation of 
the urine. Its melting point was 253° C., and was thus not di-benzoyl- 
tyrosinamide which melts at 246° C. 
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It will thus be seen that cases of cystinuria differ very much from 
one another. In view of the great physiological interest attaching to 
this condition with regard to the fate of the amido-acids in the intestinal 
mucosa and tissues, I was very glad to be able to have the opportunity 
of investigating a few points in connection with this anomaly. 

The points investigated were the effects of: 

Abstinence from food for a day. 

An almost pure carbohydrate diet. 

An excessive meat diet. 

The administration of tyrosin. 

The administration of some of the patient's own purified cystin. 


The patient’s urine under ordinary conditions was pale yellow in colour 
and had a large deposit of cystin with some oxalates. The results of the 
analysis of a 24 hours’ specimen were as follows: 


Quantity ... 1150 0. 0. 

Total nitrogen * 18°6 grammes 

Total sulphates as 80, * 27 — 

Aromatic sulphates as 80 + 

Total sulphur less cystin as SO, 8 a 75 

„Neutral sulphur less cystin 0-88 22·8 % of total sulphur 


The urine did not give a red colour with Millon’s reagent. Amido- 
acids were tested for by the method of Abderhalden and Schitten - 
helm. The urine was first filtered free from cystin, which was then 
dissolved in ammonia, re-precipitated by glacial acetic acid, collected and 
weighed. A measured quantity of the urine was then taken, acidified 
with glacial acetic acid and evaporated at 48°C. under diminished 
pressure. A precipitate of cystin occurred which was then removed. 
The urine was then still further concentrated till it gave no more 
precipitate when placed in the cold. The resulting precipitates were 
collected, dissolved in warm 10°/, ammonia solution, cooled > no pre- 
cipitate occurred from this solution. The alkaline reaction of the 
solution was then gradually diminished with glacial acetic acid till just 
short of neutralisation. The solution was then cooled hut no precipita- 
tion occurred. The, absence of a precipitate as the result of this 
treatment showed the absence of tyrosin. The solution was then made 
strongly acid with glacial acetic acid, when the cystin was precipitated. 
9 dried and weighed. From this the total 
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amount of cystin was calculated and added to that spontaneously 
precipitated. The cystin had been thus removed from the urine and if 
any tyrosin had been present it would have been detected as well. The 
presence of other amido-acids could not be accurately investigated, since 
the solubilities of the b-naphthalin sulphochloride™ compounds of the 
various amido-acids have not been worked out sufficiently to allow of 
their separation from one another. The solubilities of the leucin 
compound have however been ascertained, and these were made use of 
to see if any of this substance could be separated from the di-amido 
compound. For this purpose the urine was taken after the removal of 
the cystin as mentioned above, made alkaline with normal caustic soda 
and shaken with an ethereal solution of b-naphthalin sulphochloride after 
the method of Abderhalden and Schittenhelm™. After removal 
of the ether the urine was treated with 5/N solution of HCl, the 
precipitate collected and treated with a small quantity of cold absolute 
alcohol, which on evaporation was found to have extracted nothing from 
the precipitate, thus showing that there was no leucin present, since the 
b-naphthalin sulphochloride compound of leucin is very easily soluble in 
cold absolute alcohol. The corresponding compound of the diamines is 
apparently not soluble in cold absolute alcohol. 
The total sulphur and sulphates were estimated in some of the urine 
from which the cystin had been removed by acidification and evapora- 
By these methods the total cystin, sulphates, sulphur less the cystin 
and the presence of mono-amido-acids were determined. On applying 
Salkowski's test for thio-sulphates to the original urine they were 
found to be present in considerable amount. Some of the original urine 
was then treated by the benzoylation method for diamines. A copious 
precipitate occurred which after purification proved to be benzoyl 
cadaverin. The purified precipitate was dissolved in a small amount of 
warm alcohol and was not precipitated when added to a large excess of 
ether. The melting point of the crystals was about 130°C. and 1 grm. 
of the substance contained 00895 grammes of N estimated as ammonia, 
giving a percentage of 8°95 of N, the calculating percentage being 9°03. 
The unprecipitated benzoyl cadaverin in the urine was also separated 
and added to the other. From these results the total amount was 
estimated after drying and calculated to be 0968 grammes for the 
24 hours. 
A specimen of: wen. die after the. of 
Udranzsky and Baumann”. A benzoyl compound was obtained 
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which after having been dissolved in a little warm alcohol was found to 
be in greater part precipitated by excess of ether, only a small part 
remaining in solution. The precipitated part was therefore benzoyl 
putrescin, its melting point was 174° C. and it was found to yield 924% 
of N, the calculating percentage being 9°46. 

The soluble part was benzoyl cadaverin, but was in only very small 
amount. The quantity of benzoyl putrescin was O54 grammes. 

The features of this urine were therefore; 1. The presence of 
notable amounts of cystin. 2. The absence of any other mono-amido- 
acids. 8. The excess of neutral sulphur, this in addition to the cystin. 
4. The presence of the derivatives of the di-amido-acids in the urine 
and feces. 


1, Abstinence from food for a day. 40 


undergo an operation no food was taken for over 24 hours. The urine — 


for 24 hours was collected on the day of operation from 8am. to 8am. 
on the following day. The patient had had no food after midnight on 
the day of operation. Chloroform was administered. 

The results of the analysis of the urine were as follows : 


Quantity passed 800 0.0. 

Uricacid * 94 * 
Total sulphates as SO, „  O81704 „ 
Total sulphur lesscystin 08 „ 
Neutral sulphur less cystine... 035046 „ 


Benzoyl cadaverin Os18 „ 


2. Effect of an almost pure carbohydrate diet. On another occasion 
the patient was given a diet consisting of bread, butter, rice, fruit, tea, 
one pint of milk and no meat. The urine was collected after the passage 


of the morning urine on the day of the experiment for the next 
24 hours. 


The analysis of the urine was as follows: 


Amount 1550 0. 0. 
Total nitrogen 9°114 grammes 

„ Uric acid „ 

” — * 08235 „ 

„ Sulphur less cystin „ 11626 „ 

„ neutral sulphur ... 03391 „ 

„ cystin ... 0°67 

„ benzoyl cada verin 0366 „ 


3. The effect of an excessive meat diet The patient was given 1 Ib. of 
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meat in addition to his usual food. The urine was collected as before 
mentioned. 


Total nitrogen 2 ies = 17°29 grammes 
„ Uric acid ove 1°16 * 
„ sulphates as SO, 204 
„ Sulphur less eystin 24681 „ 
„ neutral sulphur less 04281 „ 
„ Gystin .. ins 0˙5164 „ 
„ benzoyl ein * 1100 „ 


No other amido- acids were 

4. Effect of administration of tyrosin. Five grammes of tyrosin were 
given in addition to the ordinary diet. The tyrosin given was optically 
active. No trace of tyrosin was found in the urine by the above 
mentioned methods, nor was any trace of the crystalline substance, 
obtained by Garrod and Hurtley “ in their case, found after benzoyla- 
of benzoyl] cadaverin. 

5. Effect of administration of cystin. In addition to the ordinary 
diet 46 grammes of the patient’s own cystin were administered. In 
order to obtain this amount the urine was collected for a prolonged 
period and treated with glacial acetic acid and a little chloroform to 
preserve it. The urine was kept in the cold and the resulting pre- 
cipitates of cystin collected. These were subsequently purified by 
dissolving in ammonia and re-precipitating with glacial acetic acid. 

In order to investigate accurately the urine for the purposes of this 
experiment, it was collected for three days; (1) for the 24 hours before 
the administration of the ape, (2) and (3) for the two successive 
24 hours following. 

The tystin was estimated by Abderhalden’s™ method. The 
spontaneously precipitated cystin was collected on a filter and dissolved 
in ammonia. The resulting solution was then added to the urine and 
the whole was accurately measured. A definite quantity was then 
treated by this process. The b-naphthalin sulphochloride method of 
Abderhalden and Schittenhelm™ was no good for this purpose, 
because there is as yet no.method of separating the b-naphthalin 
sulphocystin from the similar di-amido compounds. The urine was 
however also treated by this method and the resulting precipitate 
treated with a large quantity of hot absolute alcohol and allowed to cool, 
when there separated out a crystalline material which was in excess of 
the amount of cystin calculated by the other method. However the 
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amount did not in any way approach the quantity of cystin taken, so 
that the results obtained by this method are really confirmation of the 
other one. 

The results of the analysis were : 


Ist 24 after 
%4 hours pre- hours 


2nd 24 hours 

Amount 1400 0. 0. 1450 0. %. 1400 0. o. 
Total nitrogen 12°186 grins. 12°612 grms. 11-897 grins. 

” less cystin 19686 „ 43217 „ 19198 „ 

— 16817 „ 3°16724 ,, 1-6602 „ 

„ neutral sulphur less cystin 0337 „ 11634 „ 0°2696 „ 

„ eystin 0577 „ 0604 „ 0-561 „ 

The results brought out by these experiments with regard to the 


cystin part of the anomaly are : 

1. The amount of cystin excreted was practically independent of 
the diet. 

2. The ability of the patient to break up eystin administered by 
the mouth, even though it was cystin that had been previously excreted 
by the patient ; his tissues having been incapable of breaking it up. 

3. The large amount of imperfectly oxidised sulphur in the excreta 
besides the cystin. 

These results tend to show that in the case experimented upon 
practically the whole of the cystin excreted was derived from tissue 


g@tabolism since it was independent of taking food and its nature and 
amount. Since a day’s abstinence from food had no effect on the excre- 


tion it follows therefore that the greater portion by far of the eystin 


_ excreted must have been derived from tissue katabolism, and that being 


so there must have been in this case a marked deficiency in a 
ferment which normally removes the sulphur group from the thio-amido 
acids. Moreover food had no influence on the cystin excretion; it appears 
to follow that if the cystin excreted was in part derived directly from 
the thio-amido part of the food taken it would be necessary to conceive 
of the absorption of the thio-amido-acid complex as such by the intes- 
tinal mucosa, and since there is already evidence from the starvation 
experiment that the tissues were deficient in the sulphur removing 
ferment, then it would follow that the excretion should have been 
influenced by diet, since a greater or less amount of these bodies would 
have been brought to tissues imperfectly capable of dealing with . 
This however was not the case in this experiment. 

Physiologists now growingly hold the opinion that the . 
are not absorbed as such but are de- nitrifled by the intestinal mucosa 
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and converted into the corresponding simple fatty acids before absorp- 
tion. These experiments appear to lend additional support to this view 
because diet and even the administration of cystin had no effect on the 
cystin excretion. Now if the thio-amido complex were under ordinary 
circumstances absorbed as such, then alterations in diet should have 
had a marked influence on the cystin excretion, seeing that there is in 
addition evidence of a deficiency in the sulphur removing ferment in 
the tissues. The most important evidence however appears to be given 
by the cystin experiment. The cystin given was some that the patient 
had previously excreted. If now the cystin part of the proteid were 
absorbed, without the removal of the sulphur, directly by the intestinal 
mucosa, either because this is the ordinary course of events, or because 
in this anomaly the intestinal mucosa might have been deficient in the 
sulphur removing ferment, then the tissues being, as has already been 
pointed out, incapable of dealing fully with the thio-amino-acids, a large 


amount of the absorbed cystin should have been excreted unchanged in 


the urine. This however was not the case, there was no increase in the 
cystin output but the whole amount taken was excreted in the urine as 
sulphates or less completely oxidised compounds. This shows that the 
absence of increase of cystin in the urine was not due to non- absorption 
by the intestinal mucosa and passage unchanged in the feces. It would 
thus appear from a consideration of this case that the intestinal 
mucosa ordinarily has a ferment which breaks up the thio-amino part of 
the proteid complex and that this is not absorbed as such but is broken 
up before absorption. The tissues as well possess a ferment which simi- 
larly breaks up the thio-amino complex resulting from tissue katabolism. 


The explanation that the thio-amino-acids are absorbed as such and 


broken up in the tissues does not seem prolyable, for then it would have 
to be considered that the tissues were intapable of dealing with the thio- 
amino-acids derived from tissue katabolism but capable of breaking up 
those derived from the food. The anomaly in this case would there- 
fore seem to be due wholly to an error in the tissue ferments and not 
due to any abnormality in the intestinal mucosa. 

This explanation of the anomaly is supported by the cases of 
Alsberg and Folin, and Garrod and Hurtley®. Leo has 
previously shown that diet has practically no effect on the excretion 
on the cystin in cystinurics. In Loewy and Neuberg’s™ case the 
farther possibility is opened out that there may be persons with this 
anomaly in whom there may be not only a defect in the tissue ferments 
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administered by the mouth reappeared almost completely in the urine. 
It might have been possible in this case to note variations in the cystin 
excretion corresponding to variations in the diet. The peculiarity of 
this case however which is difficult to explain is in the diametrically 
opposing results when protein cystin and calculous cystin were 
administered. 

4. These experiments also show that in this patient no other mono- 
amido-acids were present in the excreta even after administration by 
the mouth. 

These results are parallel with those of Garrod and Hurtley“, 
Alsberg and Folin™ and C. E. Simon who also found no trace of 
amido-acids after administration by the mouth. These results also lead 
to the same conclusions concerning the fate of the amino-acids in the 
alimentary canal as was brought out by the consideration of the cystin 
experiment. It would also appear that the de-nitrifying ferment 
cannot act on the thio-amino-acids till the sulphur group has been 
removed. 

Loewy and Neuberg’s case d differed in that mono-amido-acids 
similarly administered were passed almost completely unchanged in the 
urine, and this appears to point to a defect in the intestinal mucosal 
ferments as well as in those of the tissues. 

5. This was one of the rarer cases of cystinuria in which diamines 
were present in the excreta. Diet appeared to have a greater effect on 
the diamine excretion than on the cystin, which was also previously noted 
by Garcia™. Unfortunately the experiment of administering arginin 
and lysin could not be performed. So far there are only two observations 


on this point; Loewy and Neuberg’s™ and Garrod and Hurtley's %. 


In the latter case no diamine appeared in the urine after the administra- 
tion of arginin even though the patient had at a previous period passed 
putrescin and cadaverin spontaneously. In the former case peculiarly, 
although the patient did not spontaneously pass diamines, administra- 
tion of the di-amido-acids was followed by the appearance of the 
corresponding diamine in the urine. No observations were apparently 
made as regards the feces. | 

The anomaly of the occurrence of the diamines in the excreta does 
not appear to admit of the same explanation as the occurrence of cystin 
and the mono-amido-acids. The di-amido-acids would appear to be 
acted upon in a different way. 
There may possibly be a different de-nitrifying ferment for them, since 
in some cases it may be that the mono-amido-acids only are affected and 
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the di-amido-acids normally broken up and vice versa. If there were only 
one variety of ferment acting on both mono- and di-amido-acids alike then 
it would be expected that when diamines appeared in the excreta mono- 
amido-acids would appear as well (or the different amido groups 
may have differences in resistance to ferment actions). A further 
peculiarity lies in the observation that cadaverin usually appears in the 
urine and putrescin in the fwoes, as if the latter were excreted by the 
intestinal mucosa in the majority of cases. Loewy and Neuberg’s™ 
case is again peculiar in this respect, since their patient could break up 
the hexon bases in the food but not when given as such. It may be as 
suggested by Garrod and Hurtley® that there are cases which can 
deal perfectly with the amido-acids when given in the ordinary combina- 
tion as proteid, but not when given as such. 


CONCLUSIONS. 


It appears justifiable to draw the following conclusions from a 
consideration of the cases of cystinuria : 
1. There is strong evidence that the amido-acids are de-nitrified by 
the intestinal mucosa. 
2. In cystinuria cases a defect may be present in the 
a. sulphur removing ferments; 
b. de-nitrifying ferments ; 
o. or a defect in both. 
The defect appears to be most usual in the tissues but . 
in the intestinal mucosal ferments. 
3. De-nitrification of the thio-amino- acids does not occur till the 
sulphur has been removed. 
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THE CONDITIONS OF MAINTENANCE OF MAXIMAL 
TISSUE RESPIRATION IN ARTIFICIAL PERFUSION 
EXPERIMENTS. By H. M. VERNON. 


(From the Physiological Laboratory, Oxford.) 


IN a previous paper! I showed that if a freshly excised mammalian 
kidney were perfused with oxygenated Ringer's solution, its gaseous 
metabolism rapidly diminished till after 11 hours’ perfusion it had sunk 
to half or a third its initial value. The same result was always obtained, 


whether the temperature of perfusion were 31°, 21°, 14° or 5°, whether 


the perfusion medium contained dextrose or not, or whether it were 
saturated with pure oxygen or a mixture of oxygen and nitrogen. 
Clearly, therefore, the perfusion liquid was not well suited to the 
continued vitality of the organ, and so attempts were made to improve 
on it. 

The Influence of Saline Constituents. 


Judging from the observations of others upon the fluid best suited 
for the maintenance of cardiac contraction, it did not seem probable 
that variation in the saline constituents could effect much improvement. 
Ringer“ used 6% NaCl containing 01 to 04°/, CaCl,, 0075 to 02% 
KCl and 01% NaHCO, for the frog’s heart, whilst Locke“ used 9% 
NaCl containing 02% CaCl,, 02°/, KCl and 01 to 03% NaHCO, for 
the mammalian heart, and found that this gave as good a result as the 
saline containing 024°/, CaCl, and 042°/, KCl which Abderhalden 
suggested. However, I found that variations in the percentage of sodium 
bicarbonate are of distinct influence upon the maintenance of tissue 
respiration. In Fig. 1, and in all subsequent figures, the dotted line 
curve shows the mean CO, output of rabbits’ kidneys perfused with 
oxygenated salt solution containing 01 / NaHCO,, 024% CaCl,, 


2 Vernon. This Journal, xxxv. p. 58. 1906. 
* Ringer. This Journal, rv. pp. 29 and 222. 1883: xrv. p. 124. 1893. 
* Locke. Centralb. f. Physiol. Xxv. p. 670. 1900. 
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042 / KCl and 9 NaCl at an average temperature of 19°5° C. 
This curve is the same as that given in my previous paper, except as 
regards the CO, value for the first hour of perfusion. This has been 
corrected, and the curve now shows that the CO, output fell during 
perfusion from an initial value of 177 cc. per hour per kilogram of 
kidney weight, down to 70 ac. | 


The reason of this correction is as follows. It was noted that the respiratory quotient 
obtained during the } to 1 hour perfusion period was distinctly higher than that obtained 
during subsequent periods, it averaging 1-06 instead of 85. The explanation of this lies 
in the fact that the initial quarter of an hour’s perfusion with saline is insufficient to wash 
out all of the blood and lymph from the kidney, und as this blood and lymph contain 
about 50°/, of its volume of CO,, the apparent CO, output of the organ is greater than 
corresponds to the oxygen intake. Hence the CO, value was corrected on the assumption 
that the actual quotient was ‘85, and not 1-06. An error of this kind does not arise in 
most of the experiments described below, as in their case the kidney was washed out with 
saline for half an hour previous to the commencement of observations, instead of quarter 
of an hour, and so the normal quotient was obtained. 


cc or Co, 
8 


8 
* 


rime ® HOURS Time 


Fig. 1. Fig. 2. 


As can be seen from the curve, a kidney perfused with Ringer's 
solution containing 02 / NaHCO, maintained a distinctly better gaseous 
metabolism, its CO, output during the 9 to 11 hour perfusion period 
being 88 cc. per hour instead of 70c.c. A kidney perfused with saline 
containing 03 / NaHCO, showed no further improvement. It was not 
possible to try higher percentages of bicarbonate, as the error of analysis 


of the CO, in the perfused fluid becomes too great. Complete deprivation. 


of bicarbonate did not seem to affect the gaseous metabolism unfavour- 
ably, the curve obtained being almost identical with the mean curve. 
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per hour, and that in the 8} to 10} hour period 170 cc. per hour. A 
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The Influence of Proteids. 


It seemed evident that some organic constituent was needed by the 
kidney for the maintenance of its respiration, and as dextrose proved 
useless, recourse was had to proteid. The numerous experiments made 
upon the beating heart pointed to its probable efficacy. Kronecker’ 
and his pupils Martius and Von Ott maintained that only fluids 
containing serum albumin could adequately sustain the contractility of 
the frog’s heart. Kronecker found that white of egg, myosin and 
peptones were useless, but he subsequently concluded that boiled and 
unboiled milk and whey could maintain contractility. Also he pointed 
out that even minute quantities of serum albumin were of great influence, 
and Ringer“ fully confirmed this conclusion. Ringer showed that the 
addition of 1°/, of whipped blood to the circulating fluid maintained 
contractility for more than 24 hours. The addition of 3°/, of milk gave 
the same result, and white of egg and gelatin could likewise sustain the 
heart beat, though they were less efficient than blood. Guthrie and 
Pike“ found that inorganic salt solutions, such as Lock®’s solution, did 
not maintain the activity of the mammalian heart so long as saline 
containing 10 to 25% of defibrinated blood serum, or milk whey. 

The striking effect of serum proteids in maintaining the gaseous 
metabolism of the rabbit’s kidney is shown in Fig. 2. The perfusion 
liquid was first well shaken up with oxygen, and then ‘1 to 2°/, of fresh 
rabbit's serum was added, and shaken up gently so as not to produce 
much frothing. The kidney perfused with saline containing 1% of 
serum, or about 1 part of proteid in 12,000, had an initial CO, output 
of 163 C. per hour, and after 10 hours’ perfusion this had fallen to 114 
¢.c., instead of the usual 70 cc. Saline containing 1% of serum gave a 
much better result, as from the end of the second hour of perfusion 
onwards the CO, output remained practically constant at 151 oc. per 
hour. The actual figures obtained were not so constant as those given 
in the curve, for the CO, output in the 6} to 8} hour period was 132 c.c. 


mean between these two values was taken, as the cause of the irregularity 
was known. It depended on the variable perfusion rate. In spite of 
constant watching, it is almost impossible in these perfusion experiments 


1 Martius. Du Bois-Reymond’s Archiv, p. 474. 1881. Kronecker and Von Ott. 
Ibid. p. 569. Martius. Ibid. p. 543. 1882. 
2 Ringer. This Journal, vt. p. 861. 1885. 
Guthrie and Pike, Amer. J. Physiol. xvm. p. 14. 1907. 
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to keep the rate of perfusion of the saline constant. The blood vessels, 
being alive, are liable to undergo sudden constriction or dilatation 
without apparent cause, and such variations could not always be 
efficiently compensated for by changing the perfusion pressure. If the 
rate of flow of saline through the kidney during one perfusion period 
were considerably greater than during another, it would mean that the 
CO, formed in the kidney cells would be more rapidly swept away, and 
so lead to an apparently increased output. During the next perfusion 
interval, on the other hand, the CO, output would be correspondingly 
diminished. However, irregularities of this origin were only considerable 
in two cases, of which the experiment just described was one. 3 

To return to the figure, the third curve, obtained with saline 
containing 2% of serum, shows the best result of all, as the Co, 
output was almost constant throughout. The actual values obtained 
were : 


} to 2} hours 180 0.0. 
N to 414 „ 162 „ 
4} to 63 » 159 „ 
65 to „ 1598 „ 
Stoll „ 1% „ 


No doubt the CO, output would have retained a high value for many 
hours longer, but the apparatus employed was not well suited for prolonged 
experiments, so none were made. Also in all experiments upon dilute 
proteid solutions there is a considerable source of error which must 
always be borne in mind. Such solutions develop bacteria very rapidly, 
and these bacteria absorb oxygen and give out CO,. If absolutely fresh 
serum be used, there is practically no bacterial respiration of this kind 
for 12 hours or so, but it is well established after 24 hours. In these 
experiments, therefore, the gases of the perfusion liquid were analysed 
at the end of the experiment as well as at the beginning—and sometimes 
during the middle of it—and only in two of them was there an appreciable 
change of the kind indicated. It was only small, and the gaseous meta- 
bolism values were corrected for it as far as possible. 


Experiments were made with the same percentages of serum as in the 
previous series, and if the corresponding curves be compared it will be 
seen that in no case did the sheep’s serum give so good a result as the 
rabbit s serum. There was always a certain amount of deterioration 
in the CO, output during the course of perfusion, even when 2°/, of 


The next figure shows the results obtained with sheep's serum. 
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serum was used. Also in this 2% serum experiment the initial CO, 
output was distinctly smaller than usual. This was to a slight extent 
dependent on the fact that the average temperature during the course 
of perfusion was only 16:2° as against one of 18°0° in the 1% serum 
experiment, but probably the foreign serum, in addition to being unable 


to sustain the full vitality of the tissue cells, has a slightly depressant 


action upon their OO, output, such action being greater the greater the 
percentage of it added to the perfusion liquid. 


i 


KILOGRAM 


Fig. 8. Fig. 4 


In the upper curve of Fig. 4 is shown the effect of perfusion with 
saline solution containing 1% of its volume of filtered egg white. This 
proteid did not maintain the tissue respiration nearly so well as the 
serum proteids, just as Ringer found that it did not maintain the 
contractility of the frog’s heart. The lower curve shows the effect of 
perfusion with saline containing 2°5°/, of its volume of milk. For some 
reason unknown, but presumably dependent on the composition of the 
perfusion liquid, the kidney blood vessels became so constricted that 
during the larger part of the 24 to 6} hour period of perfusion it was 
not possible to force sufficient liquid through them for adequate 
oxygenation of the tissues. Hence the CO, output was abnormally low. 
Judging from the previous and subsequent portions of the experiment, 
however, the milk-containing saline was no more efficient in maintaining 
the respiration than saline alone, a result in disagreement with that of 
Kronecker and Ringer upon the frog’s heart. 
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The Influence of Albumoses and Peptones. 

In Fig. 5 are shown the results of perfusion with saline containing 
01, 1 and 2% of Witte’s peptone. These concentrations are roughly 
comparable to the tenfold concentrations of serum, in that serum contains 
not far short of 10°/, of solid matter. We see that 01 1 of peptone 
maintained the respiration even better than 1¼ of rabbit's serum, as 


the CO, output fell only from 145 cc. per hour down to 106 ce. in the. 


course of a ten hours’ perfusion. Again, 1% of peptone gave a better 
result than 1% of serum, as the following data show. For the reason 
already described, a mean is taken between two of the irregular values. 


"period hour per kilogram 
4 to 24 hours 186 .o. 

2} to 44 „ 120 „ 
Cee 182 
6 to 83 „ 117 


83 to 11 „ 151 6.0. 
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Fig. 5. Fig. 6. 


It will be noticed that in both of these experiments the initial CO, 
output is smaller than in the blood serum perfusions, and with saline 
containing 2 / of peptone it was smaller still. Undoubtedly, therefore, 
the peptone exerts a depressant action upon the respiration of the tissues, 
though when present in small quantities it does not destroy their vitality. 
Judging from the single and somewhat irregular result obtained, however, 
2% of peptone is distinctly harmful, and does not maintain respiration 
much more efficiently than saline alone. 


It was thought probable that primary albumoses would maintain 


tissue respiration better than secondary albumoses, and secondary 
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albumoses better than peptones, but the results shown in Fig. 6 lend no 
support to this hypothesis. These experiments were made with samples 
of albumoses and of antipeptone (prepared by Kuhne's method) obtained 
from Dr G. Griibler, but no great importance can be attached to them, 
as traces of impurity might be present, and be largely responsible for 
the results obtained. Still it had been found in a previous research 
that 5% solutions of these bodies had no depressant action upon the 
digestive power of trypsin, whilst 2°/, solutions lowered it by only 16 to 
21°/,. 

Taking the results as they stand, we see that ‘1°/, of antipeptone 
depressed the CO, output, but maintained it almost undiminished from 
the end of the second hour of perfusion onwards. Deuteroalbumose 
gave about the same result as saline alone, the somewhat smaller output 
of CO, being dependent on the fact that the perfusion was carried out 
at 14°6° instead of at 19°5°, as in the case of the normal curve experiments. 
Protoalbumose so greatly diminished the vitality of the tissues that 
the initial CO, output was only 75 c.c. per hour: but this output, once 
lowered, did not undergo much further diminution during the next 8} 
hours, so it looks as if the protoalbumose, in spite of its depressant 
power, still retained some protective influence over tissue vitality. 


The Influence of Simpler Proteid Decomposition Products. 


It may be concluded that at least some of the albumoses and peptones 
are of assistance in maintaining the vitality of the tissues, though they 
are not nearly so efficient as native proteids. It was thought possible 
that even the decomposition products of albumoses and peptones might 
possess some power in this direction, and the experiments made to test 
this point are recorded in Figs. 7 and 8. Through the kindness of 
Dr G. Mann, I was enabled to test the action of a pure polypeptid, 
diglycyl-glycin (a sample of which he had received from Prof. Emil 
Fischer), and the curve obtained shows a better result than that given 
by saline alone, The effect was more favourable than that indicated by 
the curve, as the perfusion temperature was only 15°, On the other 
hand the protamine clupein sulphate (for a sample of which I am indebted 
to Dr E. P. Cathcart) acted harmfully upon the vitality of the kidney 
tissues, and gave a less favourable result than saline alone. During the 
greater part of the 24 to 8} hour period of perfusion the vaso-constriction 
was so marked that insufficient saline for adequate oxygenation passed 


1 Vernon. This Journal, xxx1. p. 850. 1904, 
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through the kidney, but both before and after this interval it was quite 
adequate. Possibly the harmful action of the protamine was dependent 
on the acid radical with which it was bound up, but no experiments 
were made to test this point. 
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Fig. 7. Fig. 8. 


Only two individual amino-acids were tested, as the results yielded by 
them were not very encouraging. Saline containing 1% of glycin gave 
a slightly better result than saline alone, whilst with 3% of glycin the 
result was almost identical with the normal curve. The result obtained 
with 1% of leucin (the optically inactive form) showed some resemblance 
to those yielded by albumoses, as there was an initial depression of the 
CO,, followed by an output which, allowing for the low temperature of 
perfusion (14°3°), was distinctly bigger than the normal. Still the effect 
was at best only small, and so it may be concluded that in all probability 
individual amino-acids are of but little use in maintaining the vitality 
of mammalian tissues. 

The Influence of Urea. 


The practical conclusion to be deduced from these experiments is one 


which might have been drawn from those made by previous observers 
with the beating heart, viz. that in artificial perfusion experiments a 
certain amount of proteid should always be added to the perfusion liquid. 
In all probability serum proteids are better than any others, especially 
if they be derived from an animal of the same species as that from which 
the perfused organ is taken. As far as my own results go, they seem to 
show that it is unnecessary to add a large proportion of serum, 2% being 
apparently sufficient to maintain the CO, output of the tissues almost 
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undiminished. In addition it will probably be found by extended 


experience that small quantities of one or more additional constituents 
must be added to the perfusion liquid before the absolute optimum is 
attained. In the case of mammalian cardiac muscle, the observations of 
Locke point to dextrose as an essential constituent of a perfect perfusion 
medium. In the casé of the kidney, it seems probable that a small 
quantity of urea is a desirable if not an essential constituent. Thus in 
Fig. 9 we see that the addition of 1% of urea to the saline effected a 


* * 


g 

Fig. 9. 


considerable improvement, the CO, output at the end of the experiment 
being 96 c.c, per hour instead of the normal 70c.c. This increased CO, 
production may have been due to the urea stimulating the kidney cells 
to increased functional activity, but in that the initial CO, output is 
little if any greater than the normal, this is probably not the case. In 
the other experiment recorded in the figure, the kidney was perfused 
with saline containing 1% of urea and 02% NaHCO,, instead of 01 %, 
As would be expected, the ihoreased alkalinity effected a still further 
improvement in the CO, output. In another experiment, not recorded 
in the figure, the kidney was perfused with saline containing 3 / of its 
volume of human urine. During the } to 3} hour perfusion period, the 
CO, output amounted to 137 c.. per hour, or was rather less than the 
normal, but during the next 73 hours it lay almost midway between the 
values represented by the two curves given in the figure. 

That the composition of the perfusion medium must be varied in 
particular cases to suit particular needs is well brought out by the 


1 Locke, I. c. and this Journal, XXII. Proc. pp. 18 and 14. 1904. 
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observations of Baglioni’ upon the Selachian heart. The most suitable 


and 2% urea, or a liquid corresponding to the chemical composition of 
the blood in these animals. peek 


The Respiratory Quotients. 

All the data so far discussed concern the output of carbonic acid 
from the kidney. The intake of oxygen closely corresponded with this 
output, as can be seen from the respiratory quotients given in the 
accompanying table. These values were obtained in the successive 
intervals indicated by the corresponding curves in the figures. The 
oxygen values are not so trustworthy as the CO, values, most of them 
being affected to a slight extent by an unavoidable experimental error. 
As I have pointed out in my previous paper, the oxygenated saline was 

Kidney perfused with Ringer's Mean temperature 


solution containing of perfusion Respiratory quotients 
02 / NaHCO, 18˙4 “82, 93, 80, 80, 89, 80 
03%, „ 152° 89, 76, *75, 77, 78, · 91 
No 17˙ 85,84, 88, 81, 77, 

1% rabbit's serum 158° “88, 83, 82, 50, 78 
1%, 17-5° “91, °84, 84, 88, “85 
20% ” 17°8° 85, 87, 87, 88, 

1% sheep’s serum 15°8° 83, ‘78, 78, 78, *75 
1% 18-0° 88, 80, “81, 79, 
2% 16°2° 72, 81, 81, 88, 84 
1% egg white 16-7° 88, 87, 81, “80, -85 
2˙5 % milk 15°2° 1:06, °87, 81, “81 
01% Witte’s peptone 20°0° ‘84, 76. 76, 78, · 88 
“1%, 16-9° 73, · 77, · 7, 78, · 76 
27 16-5° ‘85, 78, 80, *76 

1% protoalbumose 14-7° 81. 78, 72, 79 
1% deuteroalbumose 146° 90, 84, 76, 78 
1% antipeptone 14-9° “98, 89. 89, 86 
1% diglycyl-glycin 14-9° 76, K, 70, 69 

1% clupein sulphate 15°1° 87, · 79, · 75 
1% glyein 17-8° 99, 87, 81, 76, 70 
8 5 ” - 7-4 85, 88, 74, 64, 63 

1% leucin 14°3° 74, 94, 75, °77 
1% urea 17-0° 94, 84, 83, -87, 79 
1% urea 02% NaHCO, 16-7° 77, 7, °72, 70, “65, · 65 


3% urine 17˙4 83, 82, ‘90, 93, -89, -82 


generally perfused through the kidney at such a rate that the outflowing 
fluid contained not much more oxygen than that present in air-saturated 
saline (about 7 cc. per 100 C. of fluid). By this means the loss of 


, Baglioni. Zeit. f. allgem. Physiol. vt. p. 71. 1906. 


fluid for the maintenance of contraction was one containing 2% NaCl, | 
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practically the same. In fact none of the perfusion media employed 


the mean dotted line curve given in all the figures was obtained at an 
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oxygen from the perfused liquid by diffusion into the supernatant layer 
of petroleum is reduced to a minimum. But it was obviously impossible 
to hit off the correct perfusion rate at all accurately, and as insufficient 
aeration would have given too low CO, values, whilst excessive aeration 
only affected the less important oxygea intake values, the perfusion 
was generally kept at such a rate that the outflowing saline contained 
about 10 C. of oxygen per cent. In such a case the error due to 
diffusion would be only slight. In the determinations given in the 
table in italics the oxygen of the outflowing saline was over 1:20 c.c. 
per cent., and the error was correspondingly larger (sufficient, as a rule, 
to lower the true quotient from 85 to 75 or so). 5 

It is unnecessary to discuss the quotients in detail, for it will be seen 
that, allowing for the above-mentioned error, they are all of them 


can be held to have influenced the quotient at all. This is what might 
be expected from the results given in the preceding paper, for then it 
was found that neither freezing the kidney nor warming it to 60°, treating 
it with HCN or Naf, had any influence upon the quotient. However, 
perfusion with saline containing 10% of lactic acid or 005 to 025% 
of ammonia reduced it to less than half the normal, so it is evidently 
susceptible of influence if only the treatment be sufficiently violent. 

The above table also shows the mean temperatures at which the 
perfusions were carried out. No special precautions were taken to keep 
the temperature constant throughout, but it generally did not vary more 
than 1° or 1°5°, and very seldom more than 2° during the course of the 
day. No doubt the temperature factor is a very important one, as the 
CO, output is more than doubled for each 10° rise of temperature. As 


average temperature of 19°5°, or at a higher temperature than that at 
which all but one of the present series of experiments were made, 
the perfusion media employed gave somewhat better results than their 
curves indicate. In the experiments with protoalbumose, deutero- 
albumose, antipeptone, diglycyl-glycin and leucin, which were made at 
143° to 14°9°, a more considerable allowance ought to be made for the 
temperature factor ; but it should be remembered that in describing the 
experimental results it was the sustaining power of a perfusion liquid 
upon the CO, output rather than the absolute measure of such output 
which was taken as the test of efficiency, and this sustaining power 
would not be appreciably influenced by the temperature factor. 
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SuMMARY. 
If an excised mammalian kidney (rabbit) be perfused with Locke’s 
solution for 11 hours, its gaseous metabolism falls to half or a third its 
initial value. With saline containing 1% of rabbit’s serum it diminishes 
only half as much as this, whilst with saline containing 2°/, of serum it 
remains practically constant throughout the 11 hours’ perfusion. 
Sheep’s serum is slightly less efficient than rabbit's serum in sustaining 
tissue respiration, whilst egg white is considerably less efficient. Diluted 
milk is of little or no use. 
Witte’s peptone in small quantities (01 to 1%) sustains the Co, 
output as efficiently as serum proteids, but it depresses the tissue 
respiration. 
The polypeptid diglycyl-glycin has a slight sustaining influence upon 
tissue respiration, and so have individual amino-acids, as leucin and 
glycin, though none of these bodies are comparable to proteids. 
The addition of urea to the perfusion liquid distinctly improves its 
sustaining power. Probably the optimum perfusion medium for 
excised organs will be found to consist of Locke’s solution containing 
about 2°/, of blood serum, and small quantities of certain other 
constituents, different for each organ (e.g. urea, in case of kidney 
perfusion, and dextrose, in case of heart perfusion). 


The expenses of this research were met by a grant from the Royal Society. 
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Introduction. In the physiological literature that treats of this subject 
it bas been the usual custom to investigate the electrical properties of 
the nerves in the first instance, and attempt to deduce the physical and 
chemical state from the data so obtained. In the present paper the 
reverse course has been attempted, and from a study of the physical 
and chemical constitution to find some explanation of ‘the electrical 
phenomena. 

It is obvious that in the present state of science, especially of 
physical chemistry, that such an attempt can be at the best only 
partially successful. Nevertheless, as in the course of the experiments 
certain curious and significant facts have come to light, it has seemed 
worth while to record them, even when the full explanation has not been 
forthcoming, in the hope that in the future these observations will fit 
into their proper place in the theory of nerve activity. 

As will be seen, the deductions and inferences from these facts offer 
an apparent contradiction to the conclusions of other experimenters. A 
clear distinction has therefore been r between actual observa- 
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tions and theoretical inferences; the former are certainly correct within 
the limits of error of the methods employed, the latter, where they 
conflict with similar deductions obtained from other data, indicate that 
there is scope for further investigation. 

As might be expected, the preliminary experiments that were 
necessary proved to be lengthy and troublesome. They have been 
summarised here as shortly as might be, but as the information obtained 
is wanted later on, it seemed better to enter with greater detail than 
was required for the immediate purpose of this part of the research. 

Methods. The starting point for all the experiments in the present 
series is the weight of a piece of nerve under conditions approximating 
as closely as possible to those in the body, and accordingly special 

; attention has been paid to the problems involved and the degree of 
i accuracy with which this weight can be ascertained. 

The simplest method is obviously to excise the nerve and weigh it 
in a closed tube, In doing this two errors are introduced. First, that 
of including a varying amount of epineurium, and secondly that of 
drying the nerve. The former factor is much more important than is 
generally recognised’. In experiment 25 for instance, the weight of the | 
actual nerve was 1115 grm.—when the epineurium was removed it a4 
became 0901 grm., so that this structure weighed nearly one-fifth q 
of the gross total, and in the case of the splenic nerves which form 
a plexus with connective tissue in between the meshes the amount is 
even greater. It is therefore necessary to dissect off the connective 
tissue from the surface of the nerves, and in doing so the second error, 
that of drying, comes in. In the large nerves of the horse this is not of 
very great account and the simple method has been used in the experi- 
ments recorded in Table VII. When the nerve has to be kept for any 
length of time, or when it is of small diameter, as in some of the nerves of 
the cat, this method no longer applies, and it is necessary to immerse the 
nerve in salt solution. The result of this is rather complex; however 
the weight of the nerve can be ascertained at any time by removing the 
excess of salt solution from the surface and weighing in a tube as before. 

The best method is to “dry” the nerve rapidly three times on filter 

paper (see Macdanald™) and if care is taken to do this in the same 4 
way each time, the results agree amongst themselves very well. In . 
three experiments for instance, the successive weights did not differ 4 
from each other by more than ‘0004 grm. 8 ‘ 


* Halliburton” has already noted the importance of this structure, 
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represent the normal weight of the nerve in the body will depend on 


various circumstances which are considered later. 

Even when the epineurium is cleaned off there remain the 
perineurium and endoneurium, so that experiments on a nerve trunk do 
not exactly represent the ideal experiment on a bundle of nerve fibres 
only. In the cat microscopic sections showed that the amount of 
additional structure was quite small, but in the nerves of the horse the 
proportion is greater and the error due to this cause is appreciable. The 
estimation of the amount of the correction to be applied will be 
considered in a subsequent paper. | 

When the methods had been learnt, it was found that the successive 
experiments agreed with one another in a satisfactory manner, and that 
out of the whole number of experiments, the results of which are given 
in this paper (about 135'), it was necessary to discard but four, as giving 
results outside the limits of error as determined by the method of Karl 
Pearson. 

Each weighing was made at least twice by the method of oscillations, 
and the mean taken. This method eliminates “personal equation,” as 
the readings of the balance scale only give the exact weight at 225 
conclusion of the calculation. 

The methods used for the quantitative estimation of water al 
chlorine are given at the head of each section. 


I. Errrors OF SALT SOLUTION (PRELIMINARY). 


Before proceeding to the chemical analyses of the nerves, it was 
found necessary to consider the result of immersion in salt solutions 
under varying conditions. The experiments are classified under three 
heads. | 

Table I, varying strength of NaCl solutions. 


Tables II A and II B. ~ NaCl and KCl. Comparison of different 
nerves. 

Table III. comparison of = NaCl and KCl on the same nervea 5 

The nerves were prepared as stated above, weighed, and then 
placed for exactly one hour in solutions of pure NaCl in distilled water. 


Each solution was titrated by Mohr's method. After one hour the 
nerves were again weighed. In the table the actual weights are not 


1 The experiments are numbered, for the convenience of the reader, in the order in 
which they come in the Tables, except so far as they recur. ; | 
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given, but the ratios obtained by dividing the final weights (b) by the 
initial (a). Figures over 1000 therefore indicate that the nerve has 
increased in weight, under 100-0 the contrary. It is to be noted that 
by this method the weight of the nerve after about 15 minutes in 
salt solution is taken as the zero point. The events occurring during 
the first 15 minutes are discussed in Part II. The nerves used were 
the internal popliteal (I) and the external popliteal (E) of the cat. 


TABLE I. (Cat) #—Eaternal Popliteal, I—Internal Popliteal. 


Final =b 
Strength of solution of NaC! ——— Mean 
0-719 appro.) 1 121'8 
m „ 2 108-6 | 
144% —— 101-1 
„ 6 100·4 
116 7 * 71 100°6 100°6 
„ 61 20 
( „ 111 97.86 Ost 0 


From the table it appears that the nerves of the cat gain iu weight 
when immersed in solutions of sodium chloride of 1˙15% strength or 


less, and lose in weight in solutions of 1°17 °/, 5 or more. The 


presumably neutral point would therefore lie between 1˙15 % and 
117% subject to the corrections now to be dealt with. 

(Comment. If it is considered that this neutral point represents a 
concentration of sodium chloride solution isotonic with the nerve, the 
value is considerably higher than that usually given. It agrees closely 
with the optimum value found by myself in observations on the nega- 
tive variation. It differs from the 9 / usually taken as isotonic and 


still more from the 10 potassium chloride (745 /) which Macdonald e 


considered to be equivalent to the concentration of the outer sheath 
of the nerve. As the present method is a very sensitive and accurate 
one the values obtained would seem to be worth recording.) 


Having thus ascertained that 5 NaCl (1-17 % is a solution in 
a 


which nerves retain their weight with but slight alteration, it seemed 
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advisable to make a further study of the effects of solutions of this 
strength, and to compare these effects with those of KCl It soon 
became clear that if the solution remained the same there were two 
variable factors which had to be considered, namely, 

I. The variations in different animals. 

II. The variations in different nerves in the same animal. 

The first of these is only to be expected, but that different nerves in 
the same animal behave differently to salt solutions has not, to my 
knowledge, been observed before. 


TABLE IIA. 
Nerves immersed in g NaCl (1-17*,) for one hour. 


Final weight = 
=a’ 
Each pair of nerves from the same cat so eliminating Factor I. * 
Internal Popliteal External Popliteal 
; a a 
x 99-07 9 99°46 Oat L. 
11 97°86 10 9846 Oat 0 
4 98°65 16 99- 
fs 98-98 17 
Mean 9839 Mean 99-06 
Difference 0°67. 


TABLE II.—B. 
5 Kr (1-46 % otherwise identical conditions as in Table II A. 

Internal Popliteal External Popliteal 

a : Exp. a 
18 100-58 20 101°55 
a1 101-09 14 hours in KOI 
Mean 100-56 Mean 101˙82 
Difference 0°76, 

Although the difference is not large it is more than three times the 
probable error of the experiments, and the conclusion follows that both 
in NaCl and KC! solutions the internal popliteal loses more weight (or 
gains less) than the external popliteal. It will be seen later that a 

- possible explanation of this curious result can be given when the 
experiments on the water-content of these nerves are considered. 

A further point becomes evident when the factors of differen 
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animals and different nerves are eliminated. The effect of equimole- 
cular solutions of NaCl and KCl is not the same. 


Exp. a 
81 99 07 
9 E 99°45 
10 E 98°46 
1 1 97°86 
Mean 98°71 


those of the other method. 


Difference 1°23. 


TABLE III. Nerves for 1 hour in titrated solutions of NaCl and KCI. 


Exp. 4 
20 K 10155 
18 1 — Cat L 
19 1 100-58 
21 K 101 — Cat 0 
100-94 


The nerves were then dried in vacuo over sulphuric acid. It was 
found that a constant weight was reached before 35 days, which was 
therefore adopted as a standard time. The dry nerves are, as might be 


In solutions of 5 NaCl the nerves lost weight, in g KCl they gained. 
While the difference is not great, it becomes interesting when one 
recollects the very great difference between the physiological condition 
of the nerves in the two solutions, far greater than is accounted for by — 
any physical or chemical differences in the two salts. 

Waller“ has shown (and I have verified the statement) that while 
nerves in NaCl solution are but slightly affected in the time of the 
experiment, nerves in KCl are very greatly injured or killed outright. 


II. PERCENTAGE OF WATER. 


It is now possible to proceed with the experiments which are the 
main object of this research, and the first experiments were made on 
the nerves of the cat(Table I). The animals were killed by haemorrhage 
under chloroform anaesthesia, the nerves taken out and the epineurium 


dissected off, the nerve being kept from drying by immersion in = NaCl. 
It was found that the time post-mortem within two or three hours made 
a negligible difference in the determinations. 
As the time spent in the salt solution was between ten and twenty 
minutes this factor can also be neglected (see the previous series). As 
a check on this method the nerves from one cat were weighed directly 
without being placed in salt solution. It will be seen that with the 
exception of one nerve (exp. 28) the results closely correspond with 
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expected, extremely hygroscopic, and considerable. care is necessary 
to obtain accurate results. A second set of experiments was made 
on the nerves of the dog and a third on the goat, in order to further 
examine certain points which will be considered later. 

The final series which are the most important from the theoretic 
point of view were made on the horse. In this latter series the animals 
were shot and the nerves weighed directly (without solution) as already 


stated. 
TABLE IV. Cais. 


External Poplitea! Internal Popliteal Ulnar 

— — A 

Exp. % Exp. % HO Exp. %% HO Notes 

22 66°67 29 68°37 36 67°20 Not completely 

Cat E. Mean 67°41. 

23 65°37 30 67°14 87 67-09 | 

24 81 66°78 38 42.18 Cat F. Mean 66°46. 
25 68-02 32 68-15 89 69°11 

2% 68-44 88 65967 40 83.36 Cat T. Mean 68-78. 

27 66-00 34 67-66 41 66°27) Cat U. No NaCl. 

28* 64°24 35 67-56 42 66-18 Mean 66°73. 

Mean 66°62 | Mean 67-90 Mean 67°47 


(* Exp. 28 discarded.) Mean of all exps. = 67°34. 


TABLE V. Dogs. 


Vagus External Popliteal Internal Popliteal Ulnar 
— — — —ñ—ꝓ — 
Exp. % N20 Exp. % HO HO Exp. % H,O Notes 
43 58°45 47 69°52 61 69-79 — — as A. Mean=69-72. 
44 S71l 53 — agus excl.) 
45 63-50 49 69°88 58 69-70 55 = 
46 68.955 30 7015 54 70˙08 656 69-75 
Mean 62:00 Mean 6982 Mean 6985 Mean 
TABLE VI. 
v External Popliteal Internal Popliteal 
— — ſ— — 
Exp. % Exp. % Exp. % HO 
57 76°47 59 76-07 
58 1471 60 — Mean 75˙87. 
Mean 75°59 Mean 74-70 Mean “75-81 


Considering in the first instance Table IV, it appears that the 
average percentage of water in the nerves of the cat is about 67°3 / + 1%, 
the lowest value observed being 66°46 (Cat P) and the highest 68°78 
(Cat T) The internal popliteal nerve has an average amount of 67°70 ½, 
the ulnar 67°70, and the external popliteal 66°62. 

(Comment. The reason for this latter difference is probably due to a 
varying proportion of non-medullated fibres in the three nerves (see 
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Table VII below). It is probably not due to difference in size or 


amount of surface, as the ulnar nerve in the cat is very nearly the same — 


size as the external popliteal.) 

Comparing Table IV with Table II A, it will be seen that the nerve 
with the greater amount of water, namely, the internal popliteal, loses 
more water when immersed in a very slightly hypertonic solution than 
the external popliteal which contains less. 

Halliburton’s figures (L. c.) for the whole sciatic of the cat include 
the connective tissue, but his value for the spinal cord (71°00 %) agrees 
very closely with these experiments, when allowance is made for the 
proportion of grey matter with a higher amount of water. 

In the nerves of the dog (Table V) the average percentage of water 
is 69°7 + 2% and the different nerves vary much less inter se. For 
some reason that did not appear the vagus nerve in this animal gave very 
discordant results, which are recorded without further comment. The 
nerves of the goat (Table VI) have the largest amount of water (75°37 /) 
of any animal so far examined, 

The difference between medullated and non-medullated nerves. For 
this purpose the nerves of the horse were taken, as there are already 
some data on the comparative electromotive phenomena in this 
animal (Alcock “), and for many other reasons they are the most 
convenient. The splenic was employed as the example of non-medullated 
_ merves, the total weight from one animal is from 2—5 grins, and 
microscopic sections showed that the cleaned bundles used contained 
less than 0°2°/, of medullated fibres and not much connective tissue. The 
example of medullated nerve (median) contains a larger amount of 


connective tissue than the corresponding nerves of the smaller animals 


just considered this factor must be borne in mind, but for the moment 
can be neglected, as the correction required is not a large one. 


* 


TABLE VII. 

Exp Exp 
63 70°75 70 81°59 Horse B. 
64 71°42 71 81°51 
65 69°77 72 8161 „ n. 
66 67˙4⁰ 78 79°66 
67 67°25 74 — 
68 68-88 75 „ H. 
69 69°74 16 81°65 

77 aes 
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The same precautions as to time post-mortem, drying, and other 
details were carefully observed in both classes of nerves, and the result 
shows a very considerable difference in the percentage of water in the 
two classes of nerves, 69°31°/, in the medullated as against 81°22 in the 
non-medullated. It will be further observed that the values for the 
median are less concordant than for the splenic, and that there is 
a considerable difference between different animals. This does not 
seem to be due to errors in the analysis, as when duplicate analyses are 
made on the same animal the values agree very well (exps. 66, 67, 73, 
74, 76, 77), nor to any difference between young and old animals, as 
we were informed that all the horses examined were of an advanced age. 

Halliburton (Ve) gives 83°4°/, as the average amount of water in 
the ‘grey matter of the cerebrum; the comparison of this with the 
splenic nerve is an important one. 


III. PERCENTAGE OF CHLORINE. 


The analyses for this table have been kindly made for us by 
Dr Gardner and Mr G. W. Ellis, by the modified Carius’ method used 
by Buckmaster and Gardner for the estimation of small quantities 
of chlorine in blood and other tissues, and we have much pleasure in 
acknowledging their kind assistance. The results arestated in percentages 
of chlorine of the wet weight of the nerves. Two analyses of the medul- 
lated nerves of the cat are given for comparison. In all these analyses, as 
in those in Part II, the final weighing or titration was made in ignor- 
ance of the result to be expected, so as to eliminate personal equation. 


TABLE VIII. 
Median Splenic All nerves of cat 
— —ͤ— — — — — 
Exp. 0 Exp. % Cl Horse Exp. % C1 
78 -223 80 2489 83 -218* 
79 20 81 220 C 84 213 
Mean 4 83 * G 
Mean 20 


„The analysis in exp. 83 was made by Dr Willcox and ourselves by Willcox’s 
modification of Volhard’s method. 


As in the experiments on the water content the values for the | 
non-medullated nerves are more concordant than for the medullated, 
but making every allowance for this the close correspondence of the 
mean values is very striking. Further experiments and larger quantities 
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of nerves may show small differences in the content of chlorine, but 
speaking broadly there can be no doubt that the amount of this 
substance is the same both in medullated and non-medullated nerves— 
a result from which certain interesting conclusions follow. | 


GENERAL COMMENTS. 


It is evidently premature to come to any general conclusions at the 
present state of the enquiry, but there is one point that may perhaps be 
briefly referred to, namely, the relation of the experiments now recorded 
with the recent work of Macallum and Menten® on the distribution 
of chlorides in nerve fibres. These observers, using a dilute solution of 
silver nitrate and nitric acid (1) Ag No. 3+1°5%/, to 10%), H No, 8) 
found under the microscope a precipitate which they consider indicates 
the presence of chlorides in the axis cylinders. 

They state also: 

“The concentration in the axon is greater than that in the fluid 
lymph bathing the fibre...As lymph contains not more than 0°62°/, 
sodium chloride, the concentration in the axis must considerably exceed 
that.” 

“The medullary sheath is in the great majority of the nerve fibres 
free from chlorides” (the exceptions being at points along the sheath 
and at Lanterman’s imbrications). “The absence of chlorides from the 
rest of the medullary sheath in the normal nerve fibre is noteworthy.” 

And on the nature of the silver reaction they say :— 

“The reaction is the most sensitive, the most delicate one that is to 
be found in micro-chemistry. When it is not obtained in a tissue or 
cellular element one may safely conclude that chlorides are wholly absent 
from it!“. 

If these conclusions are sound, it is a little remarkable that the 
analyses of medullated and non-medullated nerves should agree so 
closely as to the amount of chloride in each. Further, if a non-medullated 
fibre has a general resemblance to the axis cylinder of a medullated 
nerve (which is a tacit assumption that has—rightly or wrongly—been 
generally accepted), then it would follow, other things being equal, that 


there must be a certain amount of chlorine in the medullary sheath. | 


* That is, if one is satisfied that the reagent has penetrated the tissue in 
(N. H. A. and G. R. L) 
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In the absence of definite measurements as to the relative amount of 
connective tissue, medullary sheath and axis cylinder in a medullated 
nerve, and of connective tissue, and fibre (with the possible complication 
of a sheath to the fibre as suggested by Tuckett™) in the non- 
medullated nerve it is hardly advisable to give the actual figures, but 
as far as the present experiments go they do not (at any rate at first 
sight) support Macallum and Menten’s deductions. 

We have much pleasure in acknowledging the kind assistance of 
Dr Willcox and also in returning our thanks to Dr Waller, for 
permission to work in the University Laboratory. 


‘Summary. 
00 The average percentage of water in the medullated nerves of 


cats is 673, dogs 69°7, goats 75°4, horses 69°3, for non-medullated nerve 


from the horse 81°2. 


(2) The percentage of water varies 
(a) In different animals of the same species. 
(6) In different nerves in the same animal. 
(3) Nerves of the cat placed in solution of pure NaCl in distilled 
water of approximately 1°16°/, remain unchanged in weight for some 


time (after the first fifteen minutes). Placed in = NaCl (117 °/,) they 


lose weight, i in = * KCl (1°46 / they gain, different nerves from the 
same animal he slight variations according to their composition. 


(4) The average percentage of chlorine (23% ) is. the same for 
both non-medullated and medullated nerves of the hore, within the 
limits of experimental error. 


corrections named, the medullary sheath of a nerve would contain less 
water than the axis cylinder, and a not very dissimilar amount of 


Halliburton, W. D. This Journal, xv. p. 90. 

Macdonald, J. 8. Thompson Yates Lab. Reports, rv. Pt 2. p. 213. 1902. 
Waller, A. D. Proc. Physiol. Soc. This Journal, XXII. p. i. 1897. 
Alcock, N. H. Proc. Roy. Soc. uxxut. p. 166. 1904. 
‘Buckmaster, G. and Gardner, J. B. Proc. Roy. Soc. B. XVII. p. 418. 1906. 
Macallum, A. B. and Menten, M. L. Proc. Roy. Soc. B. XXVII. p. 165. 1906. 
Tuckett, I. LI. This Journal, Xxx. p. 267. 1896. 


chlorine. 
REFERENCES. | 
| 
ij 4 


* 


GENESIS OF THE ALTERNATING PULSE. 
By Dr L. J. J. MUSKENS. 


In 1897? the writer showed that the “pulsus regulariter intermittens 
of the frog is a result of slowed conduction between sinus and auricle’ 
or between auricle and ventricle; this was later accepted by Wencke- 
bach* and further proof given by Mackenzie“ for man. The problem 
of the pulsus alternans, however, has not profited by the application of 
physiology to the diseased heart, It is true, that a long time ago 
Traube directed attention on those types of P.A. in which the 
period between the weak beat and the next stronger one is smaller 


than between the larger and the smaller contraction, where W. Oo. W. 


the greater contraction commences too early. But up to the present 
only Oehrwall', W. Straub“ and Trendelenburg’ have gone into 
the analysis of allied heart-curves of the frog on the lines which have led 
to the elucidation of the intermittent pulse. 


The alternating contraction of the ventricle is not a simple patho- 


logical phenomenon but rather a general physiological function, that 
makes its appearance in many circumstances, and which tends to 
appear both in vertebrates and in invertebrates in certain conditions. 
We have, in fact, to deal with a capacity of the cardiac muscle which 
enables the ventricle to go on with rhythmical contractions everi under 
abnormal conditions. 

Digitalis“, injected subcutaneously in the frog, brings about peculiar 
changes in the heart-beat, after a certain period of normal contractions. 
In the transition of the normal period into the period of slow contractions, 


1 Geneesk. Bladen. 4% Rees, p. 77. 1897. 

Amer. Journ. of Physiol. . p. 509. 1898. 

* Wenckebach. Nederl, Tydschr. v. Geneesk. 1. p. 666. 1899. 
„Mackenzie. Brit. Med. Journ., 24 Oct. 1906. 

' Oehrwall. Skand. Arch. f. Physiol. ym. 1898. 

Straub. Arch. f. Pathol. u. Pharmakol. xiv. 
Trendelenburg. Arch. f. (Anat. u.) Physiol. p. 284. 1908. 
® The digitalis used was digitalis dyalisata. 
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curves are regularly recorded which, together with curves of the 
dying frog-heart formerly published’, throw light on one of the varieties 
of r. A. Three varieties at least must, in my opinion, be distinguished ; 
as to the other types, I think that the way may become clear to 
explain them also. 


First form of P.A. with equal intervals. 


The ventricle beats in regular rhythm alternately stronger and 
weaker, the beginning of the weak contraction is separated by the same 
length of time from the preceding and following contraction (Fig. 1). 


Fig. 1. Example of pulsus alternans of the frog“ after injection of digitalis dyalisata, with 
equal intervals between the commencement of the small and large contractions. This 
tracing leaves no doubt that the larger contraction cannot be ascribed to a preceding 
longer rest. 


This variety was described by Engelmann’ and ascribed to momentarily 
diminished conductivity. F. B. Hofmann‘ has shown that this form 
of P.A. is often dependent on slight changes in the frequency of the 
heart-beat. Straub proved that this P.a., under the influence of 
antiarine, easily gives way to “Puls-Halbirung” ; this I often saw under 
the influence of digitalis. 

The absolutely equal intervals, with which in this tracing the small 
and the greater contractions follow upon each other, appear to 
me to disprove conclusively the theory advanced by Wenckebach, 
who was, no doubt, misled by the fact that in most tracings of human 
alternans the large beat usually comes too late. Wenckebach supposed 
that after a longer interval the ventricular musculature had had more 

time to recover its readiness to contract than after a small interval. 


1 Nederl. Tydschr. v. Geneeskunde, U. no, 12. 1902. 

All specimens are taken of Rana temporaria. 

* Engelmann. Arch. f. d. ges. Physiol. uxt. p. 556. 2 
Hofmann. Ibid. uxxxvu. p. 165. 1900. 
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106 I. IJ. J. MUSKENS. 
Second form of with retarded small contraction. 
In a former publication! I described an example of P.A. observed in the 
dying frog-heart, where the interval between the greater and smaller V, 4 
was longer than that between the smaller and larger contraction. There 4 
it appeared that the auricle continued to beat regularly. By comparing 
the intervals A—V, preceding the greater and smaller contractions, we 
concluded then that the contraction-wave in the A—V bundle (or in the 
ventricle itself) might be slowed and that, in consequence, not 82 the 
V, came too late, but also was weaker. 
The supposition that this P.a. in certain cases might depend on 
changes of conductivity within the ventricle, was a proper subject ſor 
discussion, although, as remarked by Wenckebach, it could not be 
strictly proved. For one can never be certain of a change of conductivity 
within a heart cavity (Vi. within V) if the interval between the contrac- 
tions of two cavities (Fi. A—V) remains equal. But this meritorious 
observer is mistaken if, from the few curves (10a and 105) of 
Engelmann, he generalises to the contrary, ie. to the exclusion of 
a similar relation in other cases. These curves cannot be looked upon 
as decisive on this point, because the auricles were not, as in my cases, 
beating regularly, and therefore entirely different factors must be present. 
He appears to disregard the fact that in lower animals it has been shown 
that under the influence of the vagus nerve the conductivity can be im- 
proved in one cavity, and at the same time can be inhibited in others, This 
was confirmed by Engelmann, when he observed how, in the three 
bridges, veins-sinus, sinus-auricle, auricle-ventricle, conductivity might 
be changed independently of each other. Only, then; very direct proof 
could force us to admit that under pathological circumstances -this 
independence of conductivity is lost. So also Wenekebach's explana- 
tion of the early smaller contraction by the quicker course of the 
weaker pulse-wave in the vessels, appears to me to be open to discussion. 
Further, his conclusion that there is no essential difference between P.A. 
with too early and retarded small contraction wave does not appear to be 
warranted by any well-known fact, certainly not by Wenckebach’s 
suppositions, Sufficient facts can be adduced now that in different 
ways the same result can be arrived at. 
To my former curves of P. A. brought about by poor nutrition, I now 
aU reproduce similar curves of PA. brought about by injection of digitalis 8 


1 Nederl. Tydschr. v. Geneesk. U. 591. 1902. 
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In this case the interval Si,—V, can be easily determined. This 
amounts to 20,6; 22, 3; 20,9. In every case this interval is lengthened 
where it precedes a smaller contraction ; i.e. the contraction-wave, which 
culminates in a smaller V,, found more resistance on its road from the 
sinus to the ventricle and there was an undoubted slowing of the 
conduction. 


Fig. 2. Tracing of v. A., where the larger contraction commences somewhat too late, and 
where alternately every weaker contraction of the ventricle is preceded by a wenker 
and dissociated contraction of the sinus. Also the auricular contraction appears 
alternately smaller if a line is drawn through the tops of the different 4, 


Looking carefully at the curve, one finds that the sinus contraction 
preceding a weak V, shows a flattened top. By measuring the intervals 
of Si, it becomes equally clear that the sinus does not contract regularly 
and that it is the sinus contraction, coming too early, that is followed 
by a smaller V.. Also the A, preceding the weak V, appears to be 
diminished in sige. 

Although it is not the place here to go into detail about the ſact that 
there exists a relation between the force of the sinus and auricular con- 


many similar experiments this relation was found. The question arises, 
indeed, if different parts of the three principal heart-cavities do maintain 
a special relationship in such a way that a completer sinus and auricular 
contraction tends to give rise to a completer ventricular contraction. If 
s, the next problem appears to be whether this relation is kept up by 
special muscular arrangements or whether nervous and 9 
influence may play a role in it. 


Third form of Pa. with retarded smaller contraction. 


Fig. 3 is an example where we find reappearance ef ‘normal 
pulsation. Simple inspéction of the pulsating heart gave me the 
impression that there was an antiperistaltic. contraction; that the 
contraction-wave, reaching the ventricle from the auricle, returned 
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again to the auricle. Brandenburg’, Pan“, Hering’, Volhard‘ 
and Schmoll* have observed antiperistaltic contraction. I showed long 
agoꝰ that antiperistaltic contractions are a very constant phenomenon in 
the sinus of the turtle-heart. 


Fig. 8. Temporary v. A. after injection of digitalis dyalisata. The first V, is normal; the 
second is somewhat smaller; then follows a lengthened contraction; then an anti- 
peristaltic A, and V,. Then, again, the normal pulsation sets in. 


In the case of Fig. 3 we have to deal with two possibilities; first we 
may have to do with a real extra-contraction of the auricle and ventricle, 
which results only in a very small elevation of the lever, because of its 
appearing in the beginning of the diastole, the ventricle being in the 
refractory period; or, secondly, we may have to do with an anti- 
peristaltic contraction-wave which, on account of insufficient restoration 
of conduction in the A4—V bundle and the ventricular musculature, can 
only give rise to a weak V. 

The first supposition could not be discarded if one could admit that 
spontaneously in similar conditions in the frog such an extra A,, 
followed by a very weak V,, could occur; ie. an extra-contraction 
followed by an incomplete compensatory pause. This conception is 
however hardly acceptable if we take note of the regular mode in which 
this P. A., so to say, is prepared by the two abnormal contractions, which 
precede the very small V,. Since these changes in the two ventricular 
contractions occur regularly (at least in so far as in my curves I come 
across similar cases), I think that the other interpretation gains con- 
siderably in probability. My supposition is therefore as follows: Under 
the influence of the drug the conducting power within the ventricle is 


K. Brandenburg. Arch. f. Anat. u. Physiol. 1904. Supp. p. 216. 

70. Pan. Deutsche Zeitschr. f. klin. Med. XXVII. p. 128. 1908. 

Hering. Pfliiger’s Arch. Au. p. 1. 

Volhard. Zeitschr. f. Min. Med. uit. p. 574. 1904. 

* Schmoll. Arch. f. Klin. Med. p. 507. 1907. . 
3 v. Geneesk, N. p. 568. 1898; and Amer. Journ of Physiol. 1. p. 504. 
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sensibly reduced. In the first, slightly weakened, V, only a part of the 
ventricular musculature could contract as a result of this disturbance of 
conduction. In the next V,, however, the contraction wave spreads 
more slowly than normal (hence the stretched form of F,) over the 
entire ventricular musculature. Whereas the conducting power through 
the ventricular musculature can take place after the modern doctrine 
of Gaskell and Engelmann in all directions, the contraction wave 
winds its way through this lengthened V, to arrive antiperistaltically 
again at the auricle. After this, only a part of the ventricular mugcula- 
ture has regained its conducting power sufficiently, and a weakened V, 
will join the antiperistaltic A,. It is clear that on account of the 
antiperistaltic contraction from A to V, to A again; from A returning 
to another limited part of V; then again A, etc, will give rise to a 
pulsus alternans, in this case temporarily, whereby the interval between 
the commencement of the large contraction and that of the smaller one 
is greater than that between the commencement of the small and that 
of the larger contraction. In the digitalis experiments one can recognise 
these cases, where, after a maximal toxic dose, the frequency first became 
considerably slower, but finally quicker again. Whereas in the vena 
cava curve the pulsations of the sinus were previously easily visible, one 
does not find any indication of sinus contraction after the premortal 
pulse acceleration has set in. 

Here, therefore, we find a form of cardiac activity, which shows the 
same peculiarities as the P. A. formerly described by the writer in the 
poorly nourished frog-heart (loc. cit. 1902) of which, however, the mode 
of origin was quite a different one. 

The only objection which can be adduced against this interpretation 
is a theoretical one. It has been looked upon as a dogma that the un- 
impaired ventricular musculature under no circumstances shows the 
phenomena of dissociation. This dissociation between the different 
heart-cavities and in every one separately was explicitly described by 
the writer in several publications“, especially regarding the sinus; its 
significance for our understanding of nerve influence on the heart was 
more than once urged. Although in these experiments and those of 
Engelmann the occurrence of similar dissociations of the unimpaired 
ventricle had also to be acknowledged, the direct proof of its existence, 
as far as I know, has never been given. When, under the influence of 

1 Geneesk. Bladen. p. 75. 1897. Proc, of the Amer. Acad. of Arts and Sci. xxx. 


p. 188. 1898. Amer. Journ. of Physiol. p. 508, etc, 1898. a aye. v. Geneesk. u. 
p. 572. 1898 and m. p. 583, eto. 1902. 
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digitalis, the tendency of the cardiac muscle to dissociation is accentuated, 
we should expect, if we combine this influence with the equally dis- 
sociating vagus influence, to find evidence of dissociation also in the 
ventricle, Indeed, during the influence of the vagus nerve on such an 
intoxicated heart, I obtained a curve (Fig. 4) which is apt to illustrate this 
_ dissociation. We have here to deal with the transition of an alternating 
pulse to a normal one after a direct vagus stimulation and shortly after 
the inundation of the entire heart by a physiological saline solution. 
(In the ventricular curve this is visible.) 

In my mind there is no doubt that the small élevation after the 
reduced ventricular contraction cannot be interpreted, either as an 
auricular contraction (because nowhere in this or other curves an A, of 
this considerable height was observed), or as an ordinary extra-systole 
of the ventricle. In the latter case it cannot be explained why 
an extra-systole arose, nor why the preceding ventricular contraction, 
coming at the right time, was so exceedingly diminished in size’. We 
have here to do, undoubtedly, with a dissociation in time of two parts of 


Fig. 4. Alternating pulsations of a frog’s ventricle after injection of digitalis dyalisata and 
following a short stimulation of the vagus nerve. In the tracing a short undulation 
indicates an inundation of the entire heart by saline solution. Shortly after this a 
dissociated ventricular contraction occurs (showing 8 or 4 different tops) ; after this 
abnormal V, the normal pulsation of the ventricle sets in. 


the ventricular musculature (eventually also of Tawara’s “ 1 
system”) and only when after the pulsus alternans a not complete 
synchronic contraction of these parts has taken place and the entire 
musculature comes again at the same time in the refractory period, 
normal contractions-can follow. According to this interpretation the 
difference between the large and the small contractions of the preceding 
P.A. is to be ascribed to the fact that only in the large contractions 
a particular part of the muscular mass is reached by the contraction- 


1 to the influence of extra-systole on v. . it will be shown later, that as well in the 
conditions the disappearance of pre-existent r. A. 
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wave; whereas this part of the muscle is excluded from the contraction 
in the V. 

As to a fourth form of p. A. with retarded’ great contraction, To 
not possess, as yet, any experimental evidence. 


CONCLUSIONS AND REMARKS. 

It seems to me, that in the curves given above and their analysis 
we have important arguments which tend to prove that on the physio- 
logical side more special research is needed regarding the conduction 
within the individual divisions of the heart. 

For thé second type of P. A. I have, I think, brought direct proof that 
the contraction-wave, preceding the weak ventricular contraction, is 
retarded, so that it becomes probable for this type of P. A. that it is the 
result of slowing of conductivity between the sinus and the ventricle 
and in the ventricle itself. 

For the first type of P.A. it appears equally probable that physio- 
logically the cause has to be sought in changed conductivity in the 
ventricle (not in the longer rest of the heart), by which in the weak 
contractions the contraction-wave is limited to a part of V. 

For the third form of P. A. it appears probable that it is the result of 
the antiperistaltie contraction-wave, so that we have here not a 
quantitative, but a qualitative change in the conductivity. 

Trendelenburg has stated that by stimulating artificially the 
ventricle at a gradually quickened rate the frequency of the ventricular 
rhythm may become much greater before “Halbirung” of the heart-beat 
occurs. The explanation of this, I think, is that the slowly increasing 
frequency enables the conductivity to adapt itself to the greater 
demands ; so that the moment is delayed, when necessarily only partial 
contractions of the ventricle arise. 

The fact that on the physiological side evidence is brought forward, 
that the dissociation of the ventricle under certain circumstances and 
the occurrence of the anti-peristaltic contraction-wave in that structure 
does occur, has, I think, an important bearing on our understanding 
of different abnormal pulses, e.g. the pulsus trigeminus. 

Since partial contractions occur, it is obvious that the law of 
Bowditch must be limited, in so far that though-every ventricular 
muscle fibre which contracts does so with maximal force, all the muscle 
bundles need not contract equally in every ventricular contraction. 
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Wha We have to interpret curves like those of Tschirjew', of 
O. Pan’, R Finkelenburg’, and of Hay and Moore‘ the value of these 
phenomena must not be neglected. For the absence of the compen- 
satory pause finds in the above interpretation its complete explanation. 


1 Tschirjew. Arch. f. Physiol. 1877. 

* O. Pan. Deutsche Zeitschr. f. Klin. Med. txxvm. p. 128. 19065. 
R. Finkelenburg. Quoted from Wenckebach, p. 586. 1905. 
Hay and Moore. Lancet, p. 1274. 1906. 
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THE EXCITABLE SUBSTANCES OF AMPHIBIAN 
MUSCLE. By KEITH LUCAS, Fellow of Trinity College, 
Cambridge. 


(From the Physiological Laboratory, Cambridge.) 


By the use of condenser discharges of variable duration I have shown 
that it is possible to stimulate directly not only the nerve-fibre and the 
muscle-fibre of the skeletal neuromuscular mechanism, but also a third 
substance, which was provisionally named the substance gl. The latter 
substance was found only in the region of nerve-endings, lay peripheral 
to the curare-block, and was affected by curare more readily than the 
muscle-substance. 

Since those experiments were made I have elaborated a method in 
which galvanic currents of variable duration replace the condenser 
discharges*. And I propose now to describe the results obtained from 
the application of the newer method to the muscles of toads and frogs. 
These results serve in part merely to confirm the conclusions already 
reached, but also give an answer to certain questions which the earlier 
experiments left undecided. In particular the use of galvanic currents 
has enabled me to distinguish with certainty between the excitation of 
muscle-fibres and that of the intramuscular nerve-trunks, whereas the 
method of condenser discharges often failed to make this distinction. 
Also it has now become possible to demonstrate in a single experiment 
the existence of all the three excitable substances, that of the muscle- 
fibre, that of the nerve-fibre, and the substance 8; whereas the con- 
denser method never succeeded in displaying more than two of them 
simultaneously. The evidence for the existence of three distinct 
excitable substances has therefore been strengthened considerably by 
the present experiments. 

The tissues which have been investigated are the sartorius muscle 
and sciatic nerve of the toad, and the sartorius muscle of the frog. | 

1 Keith Lucas. This Journal, xxxrv. p. 372 and xxxv. p. 103. 1906. 
* Of. Keith Lucas. This Journal, xxxv. p. 310. 1907. | 
PH. XXXVI. 8 
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Method. The method used was that described in my paper on “ The 
Analysis of complex excitable tissues by their response to electric 
currents of short duration’.” The muscle or nerve was set up in the 
fluid non-polarisable electrodes, and through it was sent a series of 
electric currents of different durations, the durations being measured by 
the penduluin already described. For each duration of current a 
determination was made of the smallest current-strength by which 
a contraction could be evoked. This I term the “liminal” curreft- 
strength. A curve was then plotted in which the abscisse measured 
current-duration, and the ordinates liminal current-strength. A smooth 
curve obtained in this way was taken to mean that only a single 
excitable substance had been directly excited during the experiment, 
whereas a distinct break in the regularity of the curve was interpreted 
as a transition from one excitable substance to another. The experi- 
mental grounds on which this interpretation is based have been 
discussed in a former paper. As I have there suggested, the possibility 
of the method depends upon two facts, namely, that the excitation- 
process develops with unequal rapidity in the different substances, land 
that the less rapid substances are excited by the weaker currents. 

The most important precaution to be observed in experiments of 
this kind is the maintenance of a constant temperature and a constant 
state of moisture in the excitable tissue used. The fluid electrodes are 
particularly adapted to secure a constant state of moisture, since in 
them the tissue lies in a small closed chamber and has both its ends 
immersed in Ringer’s fluid. A constant temperature was ensured by 
the immersion of the whole electrodes in a large water-bath lagged with 
cotton-wool. It was found that the femperature could be kept constant 
in this way within the limits of one-fifth of a degree Centigrade during 
each experiment. That the conditions under which the excitable 
tissue was placed were satisfactory is evident both from the long 
duration of excitability and from the constant results which were 
frequently obtained when an experiment was repeated. Thus the 
sartorius muscle of the toad was often found to retain its excitability for 
thirty and forty hours after it had been placed in the electrodes: and 
the following examples show how close an agreement would be obtained 
when an experiment made on any tissue was repeated after an interval 
of twenty minutes. 

Tests were also made several times during each experiment to 
ascertain whether the liminal current-strength for the longest current- 

1 Loe. cit. 
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(a) Cathode on pelvic end of frog’s sartorius. 
ul voltage 
Duration of current First exp. 20 mins. later 
1 0•024 sec. 0°25 volt 0°26 volt 
0•0²¹¹ 0°25 0-27 
0-017 0-28 0°27 
0-014 0°28 0-28 
0-010 031 0-31 
0-0070 0-36 0°36 
0°0052 0-40 0-42 


(6) Cathode on middle third of toad’s sartorius. 


Duration of current 
0-024 sec. 
0-021 
0-017 
0-014 
0-010 


0-0070 
0°0052 
00035 
0-0026 
0-0017 
0-0013 
000087 
0-00052 
000035 
000017 


Liminal voltage 


First exp. 
0-42 volt 
0°42 
0 42 

042 
0-42 
0°42 
0°45 
0°50 
0°56 
0°59 
0°59 
0-59 
0°68 
0-80 
1-10 


duration, the second with the shortest.) 


Cathode on middle of toad’s sartorius after 


e 
in 0°01°/, curare, Temperature 100 to 10-1°C. 


Duration of current 
0°024 sec. 
0-021 


00017 


20 mins. later 
0-44 volt 
0-44 
0°44 
0-44 
0-44 
0-44 
0-46 
0-51 
0-61 
0-62 
0-61 
0°63 
0-70 
0-81 
1-08 


injection of 0-4 0.c. of 1 % curare. 


Liminal voltage 
“First exp. 20 mins. later 
0°33 volt 0°35 volt 
0°33 0°36 
0°34 0°36 
0°38 0°37 
0°43 0-45 
0°53 0-60 
0°68 0°70 
0°99 1-04 
1-28 1°29 
1°33 1°34 
1-38 1°36 
1°46 1°53 
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0-017 

0-014 
0-010 

0-0070 F 

0-0052 

0-0035 

0-0030 
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duration remained constant. If considerable divergence was found the 
experiment was rejected. This check was most valuable, since it 
detected not only changes in excitability of the preparation, but also 
some instrumental errors which arose from time to time. A notable 
example of the latter class was traced to imperfect amalgamation of the 
zine rods. Until this defect had been made good the liminal current- 
strength was found to increase rapidly as an experiment proceeded. 

Since the experiments made on different tissues were required for 
comparison one with another, it was necessary to make all experiments 
at approximately the same temperature. The limits within which the 
mean temperature was allowed to vary from one experiment to another 
were 9°8° C. and 11°0° C. 


A. The sartorius muscle of the toad. 


Five experiments were made upon the extreme pelvic end of the 
sartorius, and a single smooth curve was obtained in every case. An 
example of these curves has already been published', but I add here 
two more for purposes of comparison (Figs. 1 and 2)*. The character- 
istic feature of curves obtained from this region of the muscle is that 
the liminal current-strength begins to increase at a duration of about 
0 016 sec.“, and reaches twice its smallest value at a duration of about 
0007 sec. The values given for these durations were obtained by 
plotting the observations on a larger scale than that of the figures in 
this paper, and drawing curves through the plotted points. The 
duration at which the liminal current-strength is doubled can be 


1 Loc. cit. xxxv. p. 321, Fig. 7. a 

2 The numerical values for all experiments plotted as curves are placed for reference at 
the end of this paper. 

A word of explanation is necessary here. In speaking of the a curve in this Journal, 
XXV. p. 822, 1907, I used the words ‘‘ the voltage required for excitation is doubled at the 
duration 0017 sec.” In this paper I state that it is doubled at about 0-007 sec. In the 
former words I referred to the fact that at 0-017 sec. the voltage is twice as great as it is 
for infinite duration. But I find now that it is wrong to consider the whole rise of the 
curve from infinite duration upwards as being the simple curve of the substance a. For 
the curve of the substance a becomes parallel to the abscissa at a duration somewhere 
between 0-015 and 0°02 sec., and the rise between infinite duration and that horizontal 
part of the curve is a separate affair. Therefore I now speak of the curve a as beginning 
to rise from the part where it is parallel to the abscissa ; according to which the curve 
referred to in my former paper agrees with the figures given in this paper. The rise 
which takes place between infinite duration and about 0-02 sec. I was previously unable 
to investigate, since my pendulum did not give range enough of current-durations. The 


present paper must therefore be taken as with currents 
— dealing only not exceeding 0°02 sec. 


* 


* 
i 
4 
a 
* 
2 
* 
L 
4 
> * 


* 


ETOT TABLE SUBSTANCES OF MUSCLE 117 


determined in this way with considerable accuracy. But the deter- 
mination of that at which the current-strength begins to rise is 
naturally a somewhat uncertain affair. In making the latter deter- 
1 mination I was bound to choose an arbitrary small gradient of the 
. plotted curve, below which the curve was regarded as parallel to the 
2 abscissa. It is clear that the values obtained in this way are no more 
than rough approximations; but such approximations answer the 
purpose of the present enquiry, since the values, found for any one of 
x the three excitable substances dealt with in this paper show a range of 
ü variation which is quite small by comparison with the differences 
separating the value for one substance from the value for another. The 


— 

| 

el 

Fig. 1. Fig. 2. 

? Fig. 1. Excitation of the muscle-substance (a) in the extreme pelvic end of a toad’s 

sartorius, Absciss# measure current-duration, each division being 0°001 sec. Ordi- 


nates measure liminal voltage, each division being 0-1 volt. The liminal voltage 
begins to increase at about 0-016 sec., and reaches twice its smallest value at about 
0-0075 sec. 


Fig. 2. Excitation of muscle-substance (a) in the extreme pelvic end of a toad’s sartorius. 

The values of abscisse# and ordinates are alike in all the curves reproduced in this 
8 paper, namely, absciss@, 1 division, 0°001 see., ordinates, 1 division, 01 volt. Liminal 
4 . voltage begins to rise at 0-015 sec., and is doubled at 0-007 sec. 


extreme variations which I observed for the two values in the five 
experiments made were, for the commencement of increase 0015 sec. to 
0°017 sec., and for the doubling of the smallest value 00060 sec. to 
0:0075 sec. Since all the experiments were made upon muscles taken 
from different animals, this must be considered a remarkably close 
agreement. 

The fact that a smooth curve is obtained in these observations 
indicates that electric stimuli applied to the pelvic end of the sartorius 
excite a single excitable substance only. This substance I have 
+ previously called the substance a. It will be recognised later in the 
4 more complex curves obtained from the middle region of the muscle, the 
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test of its identity being the similarity of the two constants which have 
just been determined. 

If the electrodes are applied to the middle region of the muscle, the 
region which contains muscle-fibres, nerve-fibres, and nerve-endings, six 
different types of curve are obtainable, and these are found on analysis 
to consist of three simple curves and certain combinations of them. 

In the first place we may have the curve a occurring alone, 
indicating that the electrodes are so disposed upon the muscle that only 
the substance a of the muscle-fibres is being stimulated. An example 
of this sort is seen in Fig. 3. In this curve the liminal current-strength 
begins to increase at about 0°017 sec., and is doubled at 0°0055 sec. The 
rise occurs therefore in the same region of durations as has been found 
for the substance a in the pelvic end of the muscle. 


Fig. 3. Excitation of muscle-substance (a) in the middle of the toad’s sartorius. Liminal 
voltage begins to increase at 0-017 sec., and is doubled at 0-0055 sec. 


Of twenty-five experiments made on the middle region of the toad’s 
sartorius five gave a simple curve of this type. The limits of variation 
were, for the beginning of the rise 0014 sec. to 0020 sec., and for the 
doubling of the current-strength 0-005 sec. to 00076 sec. These results 
show greater variation than did those made on the pelvic end of the 
muscle, but they cover the same range of durations; moreover the 
variation between them is insignificant when compared with the great 
difference which separates any of them from the results obtained by the 
excitation of nerve, as will presently appear. Therefore one has no 
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hesitation in classing them together as belonging to the excitation of 
the substance a. 

A second type. of simple curve which may be obtained is shown in 
Fig. 4, and again in Fig. 5. In Fig. 4 the liminal current- strength 
begins to increase at about 0006 sec. and is doubled at about 00005 sec. 
In Fig. 5 the corresponding durations are 0-005 sec. and 00003 sec. 
This curve was found six times in the twenty-five experiments, and the 
extreme variations observed were, for the first duration 0°0035 sec. to 
0°007 sec., and for the second 0°00025 sec. to 0°0005 sec. It is the 
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Fig. 4. Fig. 5. 

Fig. 4. The substance y of the intramuscular nerve-trunks was excited in this experiment. 
Liminal voltage begins to rise at about 0 006 sec., and is doubled at about 0-0005 sec. 
Sartorius of toad. 

Fig. 5. As Fig. 4. Excitation of intramuscular nerve-trunks in sartorius of toad. Liminal 
voltage begins to rise at 0-005 see., and is doubled at 0 0003 sec. 


curve of the substance y of the nerve-trunks. The evidence on which 
this statements rests is derived from two lines of experiment. In the 
first place observations made directly upon the sciatic nerve-trunk yield 
curves which are similar to these. An example has been published in 
a previous paper’, showing the current-strength beginning to increase 
at 0°007 sec, and doubled at about 0°0008 sec. In two other experi- 
ments which I have made upon the sciatic trunk the corresponding 
figures were 0-007 sec. to 00012 sec., and 0°006 sec. to O 0007 sec. The 


1 Keith Lucas. This Journal, XXXv. p. 821, Fig. 6. 1907. 
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agreement between the curves obtained from the sciatic nerve and 
those from the middle of the sartorius is therefore sufficiently close. In 
the one case the extreme range of durations between the beginning of 
the rise and the doubling of the current-strength is 0°006 sec. to 
00007 sec, in the other it is 0°006 sec, to 000025 sec. And between 
either of these and the corresponding range for the substance a— 
0-02 sec. to 0005 sec.—the difference is very great; in fact the liminal 
current-strength for the substance a is in nearly every case doubled 


Fig. 7. 

Fig. 6. A complex curve obtained by excitation in the middle of a toad’s sartorius. The 
lower part of the curve is due to excitation of the muscle-substance (a), the liminal 
voltage beginning to increase at 0018 sec., and being doubled at 0006 sec. The 
upper part of the curve is due to excitation of the substance y of the intramuscular 
nerve-trunks, the liminal voltage beginning to rise at 0-006 seo., and being doubled at 
00002 sec. The broken lines indicate the probable continuation of the two curves. 

Fig. 7. Excitation of the substances a and + as in Fig. 6. 


before that for. the substance y begins to rise. And besides this 
evidence there is that obtained from the action of curare. It must 


suffice in this place to say that these curves are abolished when weak 
doses of curare are given; the details of experiments in this direction 
are set out in a later part of this paper. 

The next curve to be considered is that obtained when both the 
muscle-substance a and the nerve-substance y are excited. Examples 
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of this are to be seen in Fig. 6 and Fig. 7, In these experiments the 
curve begins by rising along the line of a curve a, and then suddenly 
diverges on to a curve y. Consider for example the curve of Fig. 6. 
The lower curve begins to rise at about 0018 sec. and would probably 
be doubled, as the dotted continuation indicates, at 0006 sec. These 
durations fall within the limits 0°02 sec, to 0006 sec. already found for 
the substance a. The upper part of the curve begins to rise at about 
0006 sec., and is doubled at 0°0002 sec., agreeing closely enough with 
the limits 0006 sec. to 000025 sec. already assigned to the substance +. 
The curve of Fig. 7 treated in a like manner yields a substance a with 
current-strength rising to double its value between the durations 
0°02 sec. and 0°007 sec., and a substance y for which the durations are 
0°004 and 0°0003. 

Of the twenty-five experiments made, three showed this type of 
curve. 

The fourth type of curve is a combination of a simple curve of a 
sort not yet described, namely that of the substance H, with the curve a. 
This type was found five times in the twenty-five experiments. Two 
examples are given in Figs. 8 and 9. In these two figures the lower 
curves are recognisable as belonging to the substance a, the ranges 
of duration from the beginning of the rise to the doubling of the 
current-strength being 0017 sec. to 0°0045 sec. in both alike. In the 
five curves of this type obtained the duration at which the a curve 
began to rise varied from 0°016 sec. to 0017 sec., and the duration 
at which the current-strength was doubled from 00043 sec. to 
00049 sec. The former values fall well within the extreme value 
0°02 sec., previously found for the substance a, and the latter values 
are slightly, but not considerably, beyond the extreme limit 0°006 sec. 
These curves may therefore be assigned to the substance a. The 
upper curves belong, as I have stated, to the substance 8. The 
evidence for the identification of the substance excited here with that . 
previously described in my paper dealing with the “Optimal Electric 
Stimuli of Muscle and Nerve” is the following. In the first place the 
duration at which the liminal current-strength begins to increase is 
very much less than the corresponding duration for nerve. In the 
five experiments now being considered, this duration varies between 
0'0008 sec. and 0°0007 sec. The duration at which the current-strength 
is doubled is also very small, varying in these experiments between 
000008 sec. and 0:00009 sec. The extreme limits between the longest 
duration at which the rise begins and the shortest duration at 
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which the current-strength is doubled are, therefore, 00007 sec. and 
000003 sec. The corresponding range found for the sciatic nerve was 
0:006 sec. to 0°0007 sec.; so that the curve of the substance g begins 
to rise at about the duration at which the curve of the substance ꝙ has 
reached its double value. On this evidence we may assert that the 
present curves belong to something other than the excitable substance + 
of the nerve-fibre. Moreover the substance excited in these curves 
agrees with that previously called the substance f in that it is only 
excited with currents of very short duration; for the substance g was 
only excited with condenser discharges of short duration. A third 


Fig. 8. 
Fig. 8. A complex curve obtained by excitation of the substance a of the musole- fibres 
and the substance 8 of the nerve-endings. The liminal voltage for a begins to rise at 
0-017 sec., and is doubled at 0-0045 sec. That for 8 begins to rise at 0-0004 sec., and 

is doubled at about 0°00005 ee. 


Fig. 9. Excitation of the substances a and y in the middle of the toad’s sartorius, as in 
Fig. 8. 
piece of evidence is that curves of this type have been found only 
in that part of the muscle where nerves end, never in the pelvic end of 
the muscle or in the sciatic nerve-trunk. This was the distribution 
found for the substance 8. Finally there is the evidence derived from 
the use of curare. In the experiments made with condenser discharges 
it was seen that doses of curare which just sufficed to block the passage 
of an excitation coming from nerve to muscle did not abolish the curve 
of the substance 8: whereas very strong doses did abolish that curve’. 
1 It may be worth while here to point out an error which might lead to confusion. An 
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The curve now under consideration persists in the same way after the 
eurare-block has been established. The details of experiments bearing 
on this point are presented in a later part of this paper. We have 
therefore at every point the same evidence about the substance which 
gives rise to these curves as we have about the substance B, and the 
two must be identified. The knowledge which we possess at present 
about the substance g is briefly this. It is found neither in nerve- 
trunks nor in nerve-free muscle. It is found in the part of muscle 
where nerves end. It is damaged by curare less readily than some 
part of nerve which lies central to it, but more readily than the 
substance a of the muscle-fibre. The excitation process develops in it 
with extreme rapidity. Since this substance does not extend into the 
nerve-fibres or the nerveless muscle, we are bound to locate it at the 
junction of muscle and nerve. In function it may perhaps be an inter- 
mediate link in the conduction of excitation from nerve to muscle. 


* 


Fig. 10. A complex curve, in the lower part of which the substance y of the intramuscular 
nerve-trunks is excited, while in the upper part the substance g; of the nerve-endings 
is excited. 


In the fifth type of curve we find the simple curves of y and of 8 
combined. This occurred three times in the twenty-five experiments, 
One example has already been published in a previous paper’. In this 
example the curve of 8 was quite normal, with the current-strength 


abstract of my first paper on the use of condenser discharges (Bibliographia Physiologica, 
u. p. 172. 1906) states that two minima of energy were found, one of which was abolished 
by strong curare and therefore belonged to the nerve. As a fact the point which I attempted 
to prove in that paper was that it belonged to the substance g;, not to nerve. 

1 Keith Lucas. This Journal, xxxv. p. 323, Fig. 8. 


* 5. 
. 
« 
x4 
3 
wo 
« 
2 
1 
12 
. 
, 
4 
* 
iz 
---f 
4 
4 
| Z 
* 
— 
* “ 


124 KEITH LUCAS. 


beginning to rise at 0°0007 sec., and doubled at 000005 sec. The curve 
of y was however somewhat divergent from the usual type, for it reached 
its double value at O 00g sec., whereas the greatest value of the corre- 
sponding duration found in the sciatic nerve was 00012 sec. But even 
with this amount of divergence the curve must be assigned to the 
substance , since the beginning of its rise occurred close to the normal 
duration, and the whole rise took place within a range of durations upon 
which neither that of a nor that of 8 encroach. The other two examples 
of this y8 type of curve were quite normal. One of them is reproduced 
in Fig. 10. The durations at which current-strength began to rise and 
was doubled were—for y in the one case 0007 sec. and 0°0009 sec., in 
the other case 0°006 sec. and 00012 sec.; for 8 in both cases 0°0009 sec. 
and 000009 sec. 


Fig. 11. Fig. 12. 


Fig. 11. A complex curve obtained by excitation in the middle of the toad’s sartorius. 


The curve consists of three parts, the lowest being due to excitation of the substance 
a, the middle to excitation of v, and the upper to excitation of f. 


Fig. 12. A similar curve to that of Fig. 11. In this case the curve of a is shown more 
completely, and that of y less completely than in Fig. 11. 


The last combination of curves which has to be considered is that in 
which a, 8 and ꝙ all occur. This was found three times. Examples are 
plotted in Figs. 11 and 12. In Fig. 11 the durations at which the 
current-strength begins to rise and is doubled are respectively for a 


\ 0017 see and (0005) sec.; for 0006 sec. and (0-001)sec.; for 8 


00009 sec. and 0°00009 sec. In Fig. 12 the corresponding values are 
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for a O 018 sec. and 0005 sec.; for y (0-005) sec. and (0°0003) sec.; for 8 
00009 sec. and (00001) sec. It is of course possible to obtain some of 
these times only by extrapolation, as the dotted continuations of the 
curves show. Where this has been done I have included the duration 
so obtained within brackets. The durations found for each substance 
agree closely enough with those assigned in previous experiments. 

Up to this point six different arrangements of curves have been seen. 
But if there are three simple curves belonging to the three substances 
48, it should be possible to obtain seven arrangements, namely a alone, 
8 alone, y alone, a with 8, a with , 8 with , a with 8 andy. The 
only one which has not been encountered is 8 alone. And the reason 
for the absence is probably the relatively large current-strength which 
this substance requires at long durations of current. If one examines 
any curve in which it occurs, as for example Fig. 8, one sees that the 
current-strength required to excite 8 does not decrease as the duration 
is increased beyond about 0°0009 sec., so that at durations in the region 
of 0017 sec. it must often be three times as great as that required to 
excite a. Since then in every part of the muscle where g is found a 
must also be present, it is not likely that a will escape excitation at the 
longer current durations. So the excitation of 8 alone at all durations 
is not probable. With this one exception all the possible arrangements 
have actually been found. 


_ The action of curare on the substances found. 


In the course of this paper it has been necessary from time to time 
to mention the effect of curare on the three substances, The experi- 
ments made were these. 

A strength of curare was first found which sufficed to prevent the 
excitation of the sartorius through its nerve. The first strength tried 
was 0'125 gm. per kilo, injected into the dorsal lymph-sac of the toad. 
The curare was made up as a 1% solution in Ringer's fluid, and the 
animal was left for three-quarters of an hour after the injection. The 
sartorius was then exposed and freed from the surrounding muscles 
except at the nerve entry, which was left intact. The whole animal 
was then submerged in Ringer's fluid containing 0°01 % curare for one 
hour. The nerve to the sartorius was then cut. In four experiments 
made in this way the sartorius never twitched at the cutting of its 
nerve. Four control experiments were made, in which the procedure 
was identical, except that no curare was injected and the Ringer's fluid 
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contained no curare. In all the control experiments the sartorius gave 
a strong twitch when the nerve was cut. I thought that perhaps the 
dose of curare used might be unnecessarily great, so repeated the 
experiments, using only the 0°01°/, curare in which the animal was 
submerged, and injecting none by the lymph-sac. Four experiments 
made in this way showed that the passage of nerve-excitation was 
blocked after the sartorius had been immersed in the 0°01 / curare for 
one hour, Control experiments showed as before that the nerve was 
not damaged in the operation. It was clear then that mere immersion 
in the 0-01 % curare was sufficient for the purpose. Nevertheless in the 
subsequent experiments, in which I desired to exclude the possibility 
of excitation through the nerve, I always injected 0125 gm. of curare 
per kilo three-quarters of an hour before excising the muscle, and also 
kept the muscle immersed in 0°01 °/, curare during the experiment. 

The next question to be answered was, whether this strength of 
curare, which sufficed to prevent excitation through the nerve, did or 
did not abolish the excitability of the substance 8. It was obvious that 
the substance, if still excitable, might easily be overlooked owing to the 
cathode chancing not to lie upon the right part of the muscle. I there- 
fore searched systematically, taking a current of about 0°0005 sec. duration 
and examining the excitability millimetre by millimetre along the middle 
of the muscle; for it was evident that to a current of such brief duration 
as this the substance , if found at all, should be more excitable than 
the substance a. After finding in this way a part of the muscle which 
was extremely excitable to the brief current, I experimented in the 
usual way with the whole range of current-durations available, and 
plotted the curve. Of six experiments made in this way four showed 
the substance 8 as well as a. The other two showed only the substance 
a. In every case I had observed while the sartorius was being isolated, 
that section of its nerve caused no twitch in the muscle, Two examples in 
which 8 was found are given in Figs. 13 and 14 (see also Exp. (o), p. 115). 
The a curves are quite normal, beginning to rise in the region 0020 sec., 
and reaching the double value between 0005 and 0006 sec. The g 
curves begin to rise at the durations 0°0017 sec. and 00020 sec. which 
are long compared with those found for the normal substance B, the 
longest of which was 00009 sec. These durations lie in fact about 
midway between the longest previously found for 8 and the shortest 
found for y (0°0035 sec.). But it is not unreasonable to suppose that 
the excitation process of the substance f has been slowed by curare. 


For curare is beginning even at the present strength to damage the 
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substance, and in slightly stronger doses, as will presently be shown, 
renders it quite inexcitable to stimuli considerably stronger than those 
used in these experiments. Also there is another reason for identifying 
these curves with those of the substance g, namely the extremely abrupt 
upward turn which they show when once they have begun to rise. In 
this point they differ quite obviously from any y curve which has ever 
been obtained. One can see this difference in all the y and g curves 
reproduced in this paper. With y the upward turn is a rounded sweep; 
with 8 it is almost a definite angle. These curves must therefore be 
assigned to the substance g, slightly altered by curare. 


Fig. 18. Fig. 14. 


Fig. 13. Curves of a and g from an experiment made in 001% curare after injection of 
03 c.c. 1% curare. Sartorius of toad. 


Fig. 14. Excitation of a and g after curare as in Fig. 13. : 


After making these experiments I tried in the same way to find the 
substance g in muscles immersed in 003% curare in place of the 001% 
previously used. This I was not able to do. Three experiments were 
made, and though the current-strength was carried up to twice the 
value used in any former experiment nothing was found but the simple 
curve of a. The substance § had either been slowed so much that its 
curve was no longer crossed by the @ curve, or else had been rendered 
inexcitable even to the strong currents used. One of these a curves is 
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reproduced in Fig. 15, because it is interesti 
to see that doses of curare even of this TO 
have worked no considerable change either 
in the excitability of the substance or in the 
durations at which the current-strength begins 
to rise and is doubled. The value of the former 
duration in this experiment is about 0-020 sec., 
that of the latter 0°006 sec. 
The action of curare observed in th 

experiments may be summed up in this way. 
There is a strength of curare which renders 
excitation through the nerve impossible, but 
leaves the substance g still excitable and in 
functional connection with the muscle. Curare 
of a strength slightly greater than this abolishes 
the curve of the substance 8, either by slowing 
its excitation-process, or by depressing its ex- Fig. 15. 

citability, but leaves the substance a practically ly in en experiment 
unchanged both in excitability and in the after injection of 0-8 c.c. 
rapidity of its excitation-process. 


B. The sartorius muscle of the frog. 


The experiments made on the frog were made with two purposes in 
view, to verify the presence of three substances in the muscle of the 
frog, and to compare the rapidity of the excitation-process in the 
and the toad. 

On the pelvic end of the sartorius nine experiments were made. 
They showed that the duration at which the current begins to rise 
varies between 0017 sec. and 0°012sec., that at which the current- 
strength is doubled between 0002 sec. and 0:005 sec. These durations 


are shorter than those found for the toad: The mean values found for 


the two durations in the frog were 0013 sec. and 0:008 sec.; for the toad 
(from five experiments made on the pelvic end) O 016 sec, and 0007 sec. 
I conclude that the excitation-process is more rapid in the frog than in 
the toad. One of these a curves from the frog is shown in Fig. 16. 
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Seven experiments made on the middle region of the sartorius 
yielded three curves of ꝙ alone, one curve of a with , and three curves 
of y with 8. I have identified the curves of y and § only by their 
similarity to those obtained from the toad, not by a fresh investigation 
with curare. The resemblance is extremely close, except that. the v 
curves begin to rise at shorter durations in the frog than in the toad. 


a 


Fig. 16. Curve of a from sartorius of frog (pelvic end). Liminal voltage begins to rise 
at about 0-014 sec., and is doubled at 00025 sec. Compare this with Figs. 1 and 2, 
the corresponding curves from the toad. 


One of the curves of y alone is shown in Fig. 17. These curves 
began to rise at durations varying from 0°002 sec. to 0004 sec. and 
reached the double value at 000035 sec. For the toad the mean 
durations (from the six experiments in which ꝙ alone was found in the 
middle of the muscle) were 0°0047 sec. and 000038 sec. The excitation- 
process of the nerve, as of the muscle, is therefore slightly more rapid in 


the frog. 


9 


Pig. 17. Fig. 18. 

Fig. 17. Excitation of the substance y of the nerve - trunks in the sartorius of a frog. The 
liminal voltage begins to increase at 0°0045 see., and is doubled at 0-00035 sec. 
Compare this with the y curve from the toad, Figs. 4 and 5. 

Fig. 18, A complex curve due to the excitation of y and g in the sartorius of the frog. 
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The ay curve calls for no special comment, as the two curves agree 
well with those already found for a and 9. 

The three curves of y and g are of interest because they allow 
a comparison of the 8 of the frog with that of the toad. One of these 
curves is reproduced in Fig. 18. All the three f curves agreed with 
this one in beginning to rise at 0°0009 sec. and reaching the double 
current-strength at about 000025, as nearly as could be determined. 
The duration 0°0009 sec. was one found several times for the beginning 
of the rise in 8 curves of the toad. The curves usually reached their 
double value in the toad at durations nearer 00001 sec. than 000025 
sec., but these very short times cannot be determined with accuracy 

gh to make it certain that this difference is real. On the whole 
the agreement between the f substances of the two animals is re- 
ably close. 

That the other possible combinations of curves were not obtained in 
the frog is no matter for wonder in view of the smaller number of 
experiments made. These experiments are sufficient to show that in 
the frog, as in the toad, there excitable substances are present; that the 
a and y substances of the frog are a little more rapid than those of the 
toad, whereas the 8 substances of the two animals are practically 
identical. 


The fact that all the complex curves with which we have had to deal 
resolve themselves into combinations of three simple types seems to 
indicate clearly that in these experiments three excitable substances 
only have been excited. And the identification of these as one muscle- 
substance, one, nerve-substance, and a substance lying about the region 
of nerve-endings follows easily from the experiments made on muscle- 
fibre alone, on nerve-trunk alone, and from the action of curare. But if 
this is so, where are the two types of muscle-fibre of which Grützner 
and his school have given so much evidence? Since these fibres are 
distinguished as rapid and slow, they should be capable of separation by 
this method. I think the answer to this question must come from 
a detailed examination of curves obtained with a range of current-dura- 
tions somewhat wider than that used in these experiments, As I have 
stated, the present enquiry deals only with the substances excited by 
currents not longer than 0°02 sec. But between this and infinite 
duration the liminal current-strength shows a further fall when muscle- 
fibres alone are used (cf. Fig. 1 and Fig. 8). It may be that in some 
part of this fall a slower muscle-fibre is excited. I have now completed 
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a pendulum which will yield currents ofa duration up to 0°12 sec., and I 
hope to be able to deal with this question soon. 


SUMMARY. 

This paper contains an analysis of the excitable substances found 
in the skeletal muscles of frogs and toads. The method used for dif- 
ferentiating the various substances is the determination for each 
substance of the curve relatiag the liminal current-strength to the 

current-duration. This method I have described in a previous paper. 
Experiments made on the pelvic end of the sartorius muscle of the 
toad yield always a simple curve, whose form is remarkably constant. 
This curve must belong to an excitable substance contained in the 
muscle-fibres themselves. This substance is identified with the 
substance a previously described. 

In the sciatic nerve-trunk of the toad a simple curve is found 
belonging to a substance whose excitatory process is more rapid than 
that of a. This is the substance y. 

When experiments are made on the middle region of the sartorius 
of the toad six sorts of curve are found; but these are seen to consist of 
the a and yy curves already described, of a curve belonging to a substance 
more rapid than either à or y, and of various combinations of these 
three simple curves. 

The @ curve of the middle of the sartorius is recogniséd by its 
similarity in time-relations to the curve found in the pelvic end of the 
same muscle. 

The ꝙ curve is recognised by its similarity to that found in the nerve- 
trunk, and by its disappearance after weak doses of curare. 

The third type of simple curve is identified with the substance 8 
described in a previous paper. The grounds for this identification are: 

1. The extreme rapidity of the excitatory process. 

2. The absence of this curve from experiments made in any region 
where nerve-endings are absent. 

3. The persistence of this curve in experiments made on muscles 
which have been treated with curare of a strength sufficient to exclude 
the possibility of excitation through the nerve-trunks. 

In the pelvic end of the sartorius then one stimulates only a single 
substance (a). This substance is distributed throughout the length of 
the muscle-fibre, and is scarcely affected by strong doses of curare. 

The nerve-trunks contain a substance (7), whose excitatory process 
is more rapid than that of a. This substance is frequently excited when 
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the electrodes are applied to the middle region of the sartorius muscle. 
It is no longer in funeffonal connection with the muscle after weak doses 
of curare have been given. 

In the region of the sartorius where nerves end there is a third 
substance (8). Its excitatory process is extremely rapid. It remains in 
functional connexion with the muscle after enough curare has been given 
to sever the functional connection with y. It is more affected by strong 
doses of curare than is the substance a of the muscle-fibres. 

In the frog the same three substances are found, a and y being more 
rapid than in the toad. 

These results are obtained by the use of currents not exceeding 0°02 
sec. in duration. 

APPENDIX. 
Numerical values for experiments plotted as Fiys. 1—18. 
Fig. 1. Sartorius of Toad, Cathode | Pig. 2. Sartorius of Toad. Cathode 


on pelvic end. Temperature 10°2°C. on pelvic end. Temperature 10˙4 C. 
Duration of current Lumina! voltage Duration of current Liminal voltage 
0-024 sec. 0°19 volt 0-024 sec. 0°16 volt 
0-0225 0-22 0°0225 0°16 
0-021 , 0-22 0-021 0-16 
0-019 0°22 0-019 0°16 
0-017 0°22 0-017 0°16 
00155 0°22 0-0155 0°16 
0-014 0°23 0-014 0°17 
0-012 0°25 0-012 0-19 
0°010 0°29 0-010 0-22 
0°0087 0°36 00087 0°24 
0-0070 0°53 00070 0˙32 
0-0052 0-76 00052 0-46 


Fig. 3. Sartorius of Toad. Cathode Fig. 4. Sartorius of Toad. Cathode 
middle of muscle. Temperature 10°5°C. | on lower end of middle third. Tempera- 


Duration of current Liminal voltage ture 10°6° C. 
0-024 sec, 0°45 volt Duration of current Liminal voltage 
0-021 0°49 0-024 sec. 0-36 volt 
0-017 0-49 0-021 0-36 
0-014 0°55 0-017 0-37 
0-010 0-66 0-014 0°37 
0-007 0-82 0-010 0°37 
0-0052 1-04 0-0070 0-38 
0°0035 1°27 0-0052 0°39 
0-00385 0°41 
0-0017 0°48 
0°00087 0°58 
0°00052 0°75 
0°00085 0-92 
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Fig. 9. Sartorius of Toad. Cathode 
on middle of muscle. Temperature 1068. 


Liminal voltage 
0°21 volt 


Duration of current 
0-021 scc. 
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0-017 
0-012 
0-0070 
00052 
0-0035 


0°22 
0°26 
0°32 
0°40 
0°59 
0°61 
0-62 
0°62 
0°61 
0-78 


Fig. 5. Sartorius of Toad. Cathode Fig. 6. Sartorius of Toad. Cathode 
on lower end of middle third. Tempera- on middle of muscle. Temperature 10-7 C. 
ture 10°2° C. 

Duration of current Liminal voltage 

Duration of current Liminal voltage 0-024 sec. 0-41 volt 
0-017 sec. 0°48 volt 0-021 0-41 
0-014 0-45 0-017 0°48 
0-010 0°45 0-014 0°45 
0-0070 0°46 0-010 051 
0°0052 0°46 0-0070 0°57 
0-00385 0°48 0-0052 0-58 
00017 0°52 00035 0°60 
000087 0°69 00017 0°64 
000052 0°83 0-00087 0-72 
0-00035 0-99 0-00052 0°84 
000017 1°46 0-00035 0°93 
0-00017 1°23 

Fig. 7. Sartorius of Toad. Cathode | Pig. 8. Sartorius of Toad. Cathode 

on middle of muscle. Temperature 10°0°C. | on middle of muscle. Temperature 10-2°C. 

Duration of current Liminal voltage Duration of current Liminal voltage 
0-024 sec. 0°27 volt 0°024 sec. 0°40 volt 
0-021 0-29 0-021 0-42 
0-017 0-38 . 0-017 0°42 
0-014 0°36 0-014 0°45 
0-010 0-41 0-010 0˙52 
0-0070 0°59 00070 0°65 
0°0052 0°70 0-0052 0°75 
0-0035 0-88 0-0035 1-07 

900017 0•0017 1-08 
0-0013 1-07 0-00087 1-08 
0-00087 1-17 0-00052 1-08 
000052 1°36 0000385 1710 
0-00035 1-63 000017 1-33 


Fig. 10. Sartorius of Toad. Cathode 
on lower end of middle third. Temperature 
100. 

The numerical values for this experi- 
ment are shown in exp. (b) first exp. p. 115. 
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Fig. 11. Sartorius of Toad. Cathode 
on lower end of middle third. Temperature 
10°5° ©, 


Duration of current Liminal voltage 
0-024 sec. 0°36 volt 
0-021 0-36 
0-017 0°37 
0-014 0-39 
0-010 0-43 
0-0070 0-43 
0-0052 0°43 
00035 0-48 
0-0026 0°50 
0»0017 0°52 
0˙0013 0-56 
0-00087 0-56 
000052 0°59 
0-00035 0°70 
000017 1-05 


Fig. 13. Sartorius of Toad. Cathode 
2 mm. below middle of muscle. Tempera- 
ture 10°9°C. O3c.c. 1% curare injected. 
Exp. in 0°01°, curare. No twitch on out- 


ting nerve. 

Duration of current Liminal voltage 
0°024 sec. 0°84 volt 
0-021 085 
0-017 0°37 
0-014 0-39 
0-010 0-48 
0-0070 0°62 
0-0052 0-81 
0-0085 128 
0-0080 1-49 
0-026 1-49 
0-0022 1-49 
0•0017 1°51 


10°6° C. 

Duration of current Liminal voltage 
0-024 sec. 0°36 volt 
0-021 0°36 
0-017 0-87 
0-014 0-40 
0°010 0-48 
0-0070 0-59 
00052 0-70 
00044 O89 - 
0˙0035 0-96 
0-0026 1-08 
00017 1°21 
0-0018 1-21 
0-00087 121 
0•00070 128 
0•00052 1-28 
0-00035 1:40 


Fig. 14. This exp. was made on the 
same muscle as that of fig. 18, twenty 
minutes earlier. Temperature 10°8° C. 


Duration of current Liminal voltage 
0-021 sec. 0°32 volt 
0017 0°33 
0-014 0°37 
0-010 0°41 
0-0070 0°54 
0-0052 0-71 
0°0035 1°05 
0-0026 161 
0°0017 1°51 
0-0013 1°65 


3 Fig. 12. Sartorius of Toad. Cathode . 
0-0013 1-68 
> 


EXCITABLE SUBSTANCES OF MUSCLE. 


Fig. 15. Sartorius of Toad. Cathode 
on middle of muscle. Temperature 10-1° C. 
0˙8 c.c. of 1% curare injected. Exp. in 
0-08 % curare. 


Duration of current Liminal voltage 
0-024 sec. 0°26 volt 
0-021 0-28 
0-017 0°30 
0-014 0°38 
0-010 0-40 
0-0070 051 
00052 0°58 
0°0044 0°65 
0-0085 0°74 
0-00380 0°79 
0-0026 0°84 
00022 0-91 
0-0017 105 
00013 1°26 
0-00087 1°67 
0-00070 1°78 
0-00052 2-17 
000035 2786 


Fig. 17. Sartorius of Frog. Cathode 
on lower end of middle third. Temperature 
10°6° C. 


Duration of current Liminal voltage 
0-017 sec. 0°25 volt 
0-014 0°24 
0010 0°24 
0-0070 0°24 
00052 0-24 
0-0035 0°27 
0-0017 0°29 
0-00087 0°34 
000052 0°38 
0-00085 0°47 
000017 0°85 


135 


Fig. 16. Sartorius of Frog. Cathode 
on pelvic end, Temperature 11 0 C. 


Duration of current Liminal voltage 
0-024 sec. 0°18 volt 
0-021 018 
0-017 0°18 
0-014 0°18 
0-010 0°20 
0 0070 
0-0052 0°26 
00035 0°31 
00017 0°44 
000087 0°66 

— 


Fig. 18. Sartorius of Frog. Cathode 
on lower end of middle third. Temperature 
10°6° C. 


Duration of current Liminal voltage 
0°024 sec. 0°18 volt 
0-021 0-18 
0017 0-19 
0-014 0°19 
0-010 0-18 
0-0070 0-18 
0°0052 
00035 0°20 
0-0026 924 
0˙0017 0°28 
0-00087 0°23 
0-00052 0-27 
000035 0°35 
000017 0°63 
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ON THE SUPPOSED OCCURRENCE OF UROLE UCI 
ACID IN THE URINE IN SOME CASES OF 
ALKAPTONURIA. By ARCHIBALD E. GARROD 
anp W. H. HURTLEY. 


(From the Laboratory for Chemical Pathology, 
| St Bartholomew's Hospital.) 


In all the more recent accounts of Alkaptonuria it is mentioned 
that in some cases there has been found in the urine, in addition to 
homogentisic acid (hydroquinone-acetic acid), a second abnormal aromatic 
acid of like properties, called uroleucic acid, and which is probably 
hydroquinone-a-lactic acid. 


OH OH 


bo 0H 
Uroleucic Acid 


The grounds for this statement are as follows: 

Homogentisic acid was isolated, and its composition was established, 
by Wolkow and Baumann’ in 1891. Previously to this, in 1886-88, 
the late Dr R. Kirk* had investigated the urines of two alkaptonuric 
brothers, and extracted therefrom an acid, which he submitted to analysis 


and found to have a composition which agreed very closely with the 
requirements of the formula C,H, O. 


0. 54-457 % 54°54 % 57-14 % 
H. 4-985 5-05 4-76 
0. 40-558 40-41 88-10 


Zeitschr. f. physiol. Chem. xv. p. 228. 1891. 
Journ. of Anat, and Physiol. XXI. p. 69. 1889. 
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A titration of the acid with sodium hydrate, under a layer of 
petroleum ether to prevent oxidation and browning, showed that 40 
parts of NaOH were required to neutralise 198 parts of the acid, figures 
which supported the above formula for a monobasic acid. 

To this acid, which melted at about 13373,“ and gave the alkapton 
reactions, Kirk assigned the name of uroleucic acid. It will be shown 
later, that the urines in question undoubtedly contained the then 
unknown homogentisic acid, and that homogentisic acid is thrown down 
as its lead salt, when Kirk’s method of extraction is employed. Hence, 
the conclusion cannot be avoided that the substance analysed consisted 
in large part of that acid; in a word that although Dr Kirk came very 
near to anticipating by some years the discovery of homogentisic acid, 
the alkapton acid which he obtained was not a pure substance. Indeed 
in a letter to one of us he himself wrote, “I have no doubt that my 
uroleucic acid must have been simply impure homogentisic acid.” 

The view that the uroleucic acid of Kirk was a second alkapton 
acid, distinct from homogentisic, had its origin in some investigations of 
the late Professor Huppert', who examined some of the original 
material sent to him by Dr Kirk. In it he found much homogentisic 
acid, thus demonstrating that the alkaptonurics in question conformed 
to the ordinary rule in this respect. However after as much of the 
homogentisic acid as possible had been precipitated as the lead salt, 
first by neutral, and afterwards by basic lead acetate, he obtained 
a residue which melted at 130°5. (The melting point of homogentisic 
acid is 146°—147°, and that of uroleucic acid, as determined by Kirk, 
about 1333, the figure 130°3 given in Huppert’s paper is obviously 
a misprint.) This fraction of lower melting point was looked upon as 
consisting of the uroleucic acid of Kirk, with the formula C, H,O. 

As an acid having this formula might be either a trioxybenzene- 
propionic acid, or a dioxybenzene lactic acid, the scanty material 
available was submitted to further tests, with a view to determining 
which of these formulz was the more probable. 

With Millon’s reagent it behaved like homogentisic and not like 
gallic acid. Moreover when the hydroxyl groups were methylated, and 
the side chain was oxidised with permanganate, both the homogentisic 
fraction and that of lower melting point yielded the same oxidation 
product, which melted at 116°. Hence it was inferred that uroleucic 
acid had two hydroxyl groups upon the benzene ring, and was probably 
hydroquinone-a-lactic acid. 

1 Zeitschr. F. physiol. Chem, XXIII. p. 412. 1897. 


* 
— 
7 
‘ 
f 
al 
— 
« 
* 
oy 
f 
‘ 
> nik 


138 A. E. GARROD AND N. H. HURTLEY, 


The material at Prof. Huppert's disposal did not permit of further 
investigations. | 

Since 1888 uroleucic acid has been sought for in vain in alkapton 
urines by Wolkow and Baumann and others. Only Langstein and 
E. Meyer’, employing a method suggested by Huppert, obtained in one 
case a minute residue, melting at 133°, after homogentisic acid had been 
removed, but the quantity only sufficed for the determination of its 
melting point. At a later period Falta’ failed to find this substance 
in the urine of the same subject. 

The formula C,H, O, had much to commend it, and Otto Neubauer 
and Falta’ showed that hydroquinone-z-lactic acid falls naturally 
into place as an intermediate stage in the conversion of tyrosin and 
phenyl-alanin into homogentisic acid. However it should be optically 
active, whereas Kirk’s material did not rotate the polarised ray. 

This argument from probability has recently been deprived of its 
force by the important work of Otto Neubauer and Flatow‘, who have 
synthesised hydroquinone-a-lactic acid, and have clearly shown that 
this substance, which melts at 87°, is not the supposed uroleucic acid. 

The accuracy of the observations of Prof. Huppert, who accomplished 
so much with so little material, is not for one moment in question. 
Everything turns upon the nature of the material which he examined, 
and of which he speaks as rohe alkapton-säure.“ The fact that it was 
grey in colour shows that it cannot have been the crude, dark red 
substance, which Kirk obtained at the early period of his work“ by 
simply evaporating the ethereal extracts of the acidified urine. 
A careful study of Dr Kirk’s writings upon the subject suggests that 
it can have been nothing else than the product obtained by his method 
of precipitation by lead acetate, in other words the uroleucic acid which 
he analysed. 

If this be so, it is evident that Prof. Huppert was under a mis- 
apprehension as to its nature, and that the analytical figures of Kirk 
could only be applied to the substance as a whole, and not to that 
portion which remained after as much as possible of the homogentisic 
acid had been removed. Clearly the material available did not suffice 
for a fresh analysis of the fraction of lower melting point. 

This conclusion having been reached, it was obviously necessary to 


Deutsches Archiv f. klin. Med. uxxvm, p. 165. 1908. 

® Zeitechr. . physiol, Chem. XIAt. p. 82. 1904. 
bid. XIII. p. 81. 1904. Ibid. um. p. 379. 1907. 
® Brit. Med. Journ. U. p. 1017. 1886. 
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study the working of Kirk’s method of extraction when applied to 
a known alkapton urine, and we accordingly obtained several litres of 
the urine of the patient Thomas P. who has been under observation for 
some ten years, and in which urine uroleucic acid had been sought for 
in vain. 

The method differs from that afterwards employed by Wolkow and 
Baumann for the extraction of homogentisic acid, in that the urine is 
acidified, after concentraction, with hydrochloric instead of sulphuric 
acid. The use of hydrochloric acid may lead to the formation of 
considerable amounts of ester when the ethereal extracts are evaporated, 
unless the ether used be alcohol free. 

A further difference is that instead of the addition to a hot watery 
solution of the residue from the ethereal extract of a moderate quantity 
of a lead acetate solution, the solution is fractionally precipitated with 
lead acetate in the cold, and is finally saturated by grinding it up with 
an excess of solid lead acetate. 

With Kirk’s description before us we followed out his method in all 
its details. The precipitate of the lead salt was obtained in seven 
fractions. The earlier, coloured fractions were rejected and the final 
precipitate from the saturated liquid, which was colourless and minutely 
crystalline, answered in all respects to the description of the lead salt of 
uroleucic acid. 

After filtration the precipitate was washed with water and was 
freed from lead by suspension in water and the passage of a stream of 
hydrogen sulphide. The filtrate from the precipitate of lead sulphide 
was repeatedly extracted by shaking with ether. On evaporation of 
the ether, which had been dried over calcium chloride, a crystalline 
deposit of colourless acid was obtained. The crystals softened at 134° 
and were completely melted at 136°. 

The alkapton acid thus obtained in abundance from the urine with 
which we were working could be nothing else than homogentisic acid, 
with some impurity or impurities which lowered its melting point to a 
figure very near to that assigned by Kirk to his uroleucic acid. That 
this was indeed so was proved in various ways, as by precipitation of 
lead homogentisate from a solution of the product, isolation of the free 
acid and determination of its melting point. 

One gramme of the material was dissolved in water, and was 


titrated against. NaOH, under a layer of petroleum ether, phenol- 
phthaléin being used as indicator. The result corresponded to a 
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molecular weight of 1639, that of homogentisic acid being 168, and 
differed widely from Kirk’s figure (198). : 

It is therefore evident that the material obtained by the above 
method from a urine which contains homogentisic acid consists mainly 
of that substance, but that saturation with lead acetate yields a less pure 
product, than the slower crystallisation of the lead salt from less 
concentrated solutions. 

In 1902, by the great kindness of the late Dr Kirk, one of us was 
enabled to examine several litres of the fresh urine of each of his 
patients, who since his investigations had passed from childhood to 
manhood’. In no obvious respects did these urines differ from those of 
seven other alkaptonurics examined at yarious times. They contained 
homogentisic acid in ordinary amounts, and when this had been 
precipitated as lead salt, as far as is possible by the simple direct 
method’, after removal of lead the small remainder of alkapton 
substance in the mother-liquors, was converted into the ethyl-ester by 
Erich Meyer’s* method. The crystalline ester obtained melted at 120°, 
which is the melting point of ethyl-homogentisate. Hence it was 
concluded that these alkaptonurics were no longer excreting any 
appreciable quantity of a second alkapton acid. Dr Kirk kindly sent, 
at the same time, the last remainder of his original material. It had 
become perfectly black, but was labelled “Uroleucic Acid.” It was 
found to contain much homogentisic acid, and the conclusion was 
reached that it also contained the lactone of that acid. 

We recently examined the last scanty remains of this material, then 
some twenty years old. As an attempt to recrystallise the unchanged 
portion from ether was not successful, we dissolved it in water, boiled 
the solution with animal charcoal, and ‘so obtained a clear solution of 
a yellow colour. On evaporation in vacuo this left a crystalline residue, 
which softened at 125° and was completely melted at 1295. 


Titration with NaOH, under a layer of petroleum ether, 


indicated, for a monobasic acid, a molecular weight of 1823. The 
liquid assumed a rich green colour as the neutral point was approached, 
suggesting the presence of lactone. From another small portion a few 


crystals of lead homogentisate were prepared. It was evident from the 
change from white to black, from the melting point, and from the 


Lancet, u. p. 1616. 1902. 
* Journ, of Physiol. Xx. 512. 1899. 
Deutsches Archiv f. klin. Med. uxx. p. 456. 1901. 
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titration that the material had undergone changes in the course of 
twenty years. 

The above experiments, taken in conjunction with the synthesis of 
hydroquinone-a-lactic acid by Otto Neubauer and Flatow, seem to 
us to justify the conclusion that the evidence of the occurrence of 
a second alkapton acid in some cases of alkaptonuria is insufficient. | 

If this be so, and the supposed existence of uroleucic acid as a 
distinct chemical individual arose from a misconception, as has been 
suggested above, it must be acknowledged that a series of very 
remarkable coincidences have contributed to ensure its acceptance. 

The first of these is the very close agreement of Kirk’s analytical 
figures with the requirements of the formula C, H,O, a formula which 
remained a purely empirical one until after the discovery of homo- 
gentisic acid. 

Secondly, there was the coincidence that the residue obtained by 
Huppert, after the removal of as much homogentisic acid as possible 
from the original material, had a melting point so near to that assigned 
by Kirk to uroleucic acid. 

Thirdly, that Langstein and E. Meyer obtained a residue, when 
searching for uroleucic acid in the urine of their patient, which had the 
correct melting point. 

Lastly that it should have been shown, many years after Kirk’s 
investigations, that an acid having the formula C, H,O,, and tlie 
structure of hydroquinone-a-lactic acid, was a likely intermediate 
product in the catabolism of the aromatic fractions of proteins. 
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A METHOD OF QUANTITATIVE ESTIMATION OF 
‘ CYSTIN IN URINE. By J. F. GASKELL. 


(From the Laboratory of Chemical Pathology, St Bartholomew's 
Hospital.) 


THE investigation of cases of cystinuria is at present hampered by the 
difficulty of accurately and easily measuring the daily excretion of cystin 
in the urine. The methods at present in use are either laborious and 
intricate or inaccurate. | 

The precipitation method by the addition of acetic acid is, as 
Moreigne and others have shown, extremely inaccurate; in some cases 
urine, which can be proved by other methods to contain cystin, fails 
entirely to give any precipitate by this method. This is the probable 
explanation of some of the recorded cases of intermittent cystinuria. 

The other method which has been frequently used is that of 


_ Mester™—by estimation of the excess of neutral sulphur above the 


normal. The method is unsatisfactory owing to the fact that the normal 


neutral sulphur varies within wide limits, as Mester himself, Bodtker™ - 


and Moreigne have shown. It is also not necessarily true that the excess 
of neutral sulphur above the normal occurring in a cystinuric is due to 
cystin alone. 

Other methods of estimation are the benzoylation method of 
Goldmann and Baumann“ and the naphthalin sulpho-chloride method 
of Emil Abderhalden™, both of which have considerable technical 
difficulties. | 

An improvement of the direct precipitation method was suggested 
to Dr A. E. Garrod by a remark in Rothera’s® paper, that the crystal- 
lisation of cystin out of neutral solution was accelerated by the addition 
of a few drops of alcohol. 

Dr Garrod had at the time a sample of urine from a cystinuric 
patient, who was known to have passed cystin crystals in his urine for 
some time previously. This particular sample however gave no precipi- 
tate with acetic acid, even after standing for a week or more, but if either 
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ESTIMATION OF CYSTIN. 143 
alcohol or acetone was added to the urine, after previously just acidifying 


with acetic acid, a precipitate was obtained after it had stood for a day 


or two, consisting of cystin crystals mixed with phosphates and oxalates. 
As acetone gave a precipitate which appeared to contain fewer 
additional substances and was therefore less bulky than that obtained 
by the addition of alcohol, acetone was used in further experimentation. 

Owing to these results he suggested to me that this might prove a 
satisfactory method of quantitative analysis, and the investigation which 
forms the subject of this paper was therefore undertaken. 

I first tried the effect on an ammoniacal solution of pure cystin 
obtained from a calculus. 

A 05% solution of cystin was just neutralised with acetic acid and 
then treated with an equal volume of acetone. 

An immediate white precipitate was obtained, which appeared 
amorphous under the microscope. By suitably diminishing the amount 
of acetone the precipitate could be obtained in the form of hexagonal 
plates. 

To test the completeness of the precipitation a 0˙6 / solution of 
cystin was treated with an equal volume of acetone, acidified and allowed 
to stand for one hour. 97 % of the cystin by weight was recovered. In 


a second experiment only } volume of acetone was added. Here only 


81% by weight was recovered after one hour and further precipitate 
came out in the filtrate in 24 hours. The precipitate was in the latter 
experiment in the form of hexagonal crystals. 

Further experiment showed that in the treatment of urine it is 
expedient to filter off any cystin sediment that may be present and treat 
it separately before proceeding to estimate the amount of cystin in 
solution. 

In order to remove the greater bulk of oxalates and phosphates the 
clear urine is made distinctly alkaline with ammonia and then calcium 
chloride is carefully added until no further precipitate is obtained. 

The precipitate is filtered off and the filtrate is treated in a beaker 
with an equal volume of acetone and then just acidified with acetic acid. 
There should be no immediate precipitate at this stage. 

On standing, however, a precipitate slowly comes out which clings to 
the glass in a manner characteristic of cystin. The urine must be allowed 
to stand three or four days as precipitation is not complete under this 
time. The precipitate is next collected on a filter, being removed from 
the sides of the beaker by means of a glass rod, sheathed at one end 
with indiarubber. 
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It is then thoroughly washed with distilled water and finally washed 
through the filter with 2}°/, ammonia. The ammoniacal solution is 
again treated with an equal volume of acetone and acidified with acetic 
acid. The resultant precipitate, which usually starts coming down at 
once, is after 12 to 24 hours collected on a weighed filter paper, dried at 
about 80°C. and cooled in a desiccator. It is then weighed up. A 
weighing bottle is necessary as the precipitate rapidly takes up moisture 
from the air. 

The precipitate obtained is snow-white and ash-free. 

On redissolving and slow crystallisation three forms of crystals were 
obtained from the different urines examined. 

The hexagonal plate was the usual form, but a parallelogram form 
and a fine spindle form also occurred, which, as will be shown later, are 
probably alternative forms of cystin having an identical formula, and 
being aequorotatory with the hexagonal form. 

The method was first tried on normal urine, to which a known 
amount of cystin had been added. tio 
A s the urine would not take up cystin into solutiolf ne cystin had to 

be added dissolved in dilute ammonia. Four specimens, each of 200 c.c., 
were treated, 1 gm. of pure cystin being added in each case. 

The weights of the recovered precipitates were 0945 gm., 0960 gm., 
0930 gm., 0959 gm., showing that in each case the cystin was com- 
pletely recovered. In the last of these experiments only a half volume 
of acetone was added, showing that cystin added to normal urine is 
completely thrown out by this concentration; it was however con- 
sidered safer in experiments with cystinuric urine to use an equal volume 
of acetone. 8 

In another series of experiments cystin was added to the urine of 
three different cystinurics, the volume treated being 200 cc. in each 
case, an equal volume of the particular urine without any addition 
of cystin being simultaneously estimated. 

The first case, A, was the case previously mentioned, in which the 
urine gave no precipitate by the acetic acid method. The other two 
cases, B and C, were those of patients whose urine contained a consider- 
able amount of hexagons of cystin in the sediment. 

The values obtained were : 


Urine only Difference °/) recovered 
gm. gm. 0466 2024 gm. 84-0 

B. 2⁴ 2813 0209 2104 87˙6 
2⁴ 2821 0395 2406 101-0 

0. 1008 1872 0517 0855 85˙0 
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In case B the estimation (1) was obtained from the urine decanted 
off the top after standing, the estimation (2) with urine in which the 
sediment had been shaken up; the very high value recovered in the latter 
is probably due to unequal distribution of sediment in the two samples 
taken. 

This also accounts for the difference of the absolute value of cystin 
in the 200 00. samples of urine in the two cases. Any sediment in urine 
to be estimated should ‘therefore be collected on a filter, washed down 
with ammonia and reprecipitated separately. 

The method was also used in another case, D, which we were able to 
keep under observation in St Bartholomew’s Hospital for some weeks. 

A 200 c.c. sample of each day’s urine was estimated; the results, 
along with other estimations, will shortly be published in a paper by 
T. S. Hele. 

A 200c.c. sample was found convenient to estimate and has the 
advantage that other estimations can be done on the rest of the day’s 
supply unaltered in any way except by the removal of any cystin sedi- 
ment which may be present. 

In case D the amount of cystin in the day on a full diet lay 
between 3 and 5 grammes, agreeing with the results of other observers. 

In case A the total amount excreted per diem, taking 1500 c.c. as 
the normal daily amount of urine, would be 35 gm. 

In case B the amount of cystin in the total volume availabl 
1340 d., including sediment was found to be 369 gm. giving 41 gm. 
as output in 1500 e. c. 

In case C the total volume was 4760 c.c. and the cystin in the sedi- 
ment was 762 gm., giving 1°99 gms. as the total cystin, or 63 gm. in 
1500 c.c. 

These values also lie within the usual limits. 

The forms of cystin other than the hexagonal obtained on recrystal- 
lization were from the urine of case D. 

To establish the identity of the different forms, a day’s cystin in 
which no hexagonal forms occurred was dissolved in normal hydrochloric 
acid and its rotation was estimated. 

0405 gm. in solution in 30 c.c. normal hydrochloric gave a rotation of «60° to the left 
in a 2 decimetre tube. Giving a specific rotation ‘ ; 
@ = — 222°. 

This value agrees with Mérner’s™ and Fischer’s® values. 

These forms are therefore aequorotatory with the hexagon form. 

Another day’s cystin consisting mainly of the parallelogram and 
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‘spindle forms was dissolved in normal hydrochloric and then reprecipi- 
tated with ammonia. It reprecipitated entirely in the hexagon form, 
showing that in hydrochloric acid solution the various forms are 
identical. 

To test the purity of the actual precipitate weighed up, an attempt 
was made to estimate its rotation. 

It was difficult to get sufficient material off the dried filter papers 
without also getting u considerable admixture of filter paper, the value 
of the specific rotation is therefore low. 


‘1617 gm. in solution in 50 ¢.c. normal hydrochloric gave a rotation of 130° in a 

2 decimetre tube, giving a specific rotation 
a, = 2015. 

A considerable amount of filter paper had to be filtered off before 
the solution was clear. 

It is therefore probable that the precipitate weighed up consisted only 
of cystin. 

To show that the precipitation of the cystin out of the urine was 
complete the residues of several estimations from case D were treated 
by the) benzoylation method. No black precipitate was obtained with 
caustic potash and basic lead acetate, showing the absence of cystin. 

On the supposition that the cystin, when washed off the filter paper 
in ammonia solution, might be estimated by the polarimeter, the specific 
rotation of cystin in ammonia solution was estimated. 

The cystin used was calculus cystin, in fact from the same source as 
that used by Rothera®. 


Five estimations were made, the specific rotation varying between 
— 94° and — 100° and the mean value being 


ap=- 97°5°. 
The reading —100° was obtained in 50% ammonia solution, the 
others were in 23% and 5 °/, solutions. 


The great increase in the strength of the ammonia solution does not 


deem to greatly alter the specific rotation, the value obtained was there- 
fore included in calculating the mean value. 


The value obtained does not agree with that of Kulz e, who found 
a; = — 142°, 
As the value of the specific rotation is so low, the possible error in 


reading would introduce so large an error that the method was 
abandoned for the gravimetric one, | 
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To ascertain the purity of the stone cystin used, its specific rotation 
in normal hydrochloric acid was estimated. 


(1) ‘6285 gm. cystin was dissolved in $4°1916 gms. normal hydrochloric. Specific 


gravity of the mixture 1-0229. Rotation in a 2 decimetre tube 8°27° to the left. Specific 
rotation 


a 225°6. 
(2) “6908 gm. cystin was dissolved in 83-9678 gms. normal hydrochloric. Specific 
gravity of the mixture 10287. Rotation 8-96° to left. 
a = —219°6. 
The mean value obtained is therefore —222°6° agreeing with 
Mérner’s” and Fischer's values. 
Emil Abderhalden™ also has lately published a paper showing 
that cystin has this specific rotation when obtained from calculi. 
In the experiment, in which cystin was added to normal urine, cystin 


prepared from hair was used. The specific rotation of this was also 
tested. 


10105 gms. cystin in 35-7596 gms. hydrochloric. Specific tee 10261. 
Rotation 12°80° to left, giving es 


Cystin from the two sources was also identical under the microscope. 
This identity has also been shown by Fischer, Rothera and 
others. 

In order to see whether any form of cystin besides the hexagonal 
was present in calculi, the cystin stones in the St Bartholomew's Hospital 
Museum were examined. Scrapings of these stones were dissolved in 
dilute ammonia, and the solution was allowed to evaporate on a micro- 
scopical slide in the air. The cystin crystallized out in hexagons and 
hexagons only, even when evaporation was on the point of completion. 
Five stones in all were examined. 

The scrapings were also tested with Millon’s reagent for the 
presence of tyrosin, but no tyrosin was discovered to be present in 
them. 

These results agree with those of other observers with one exception. 
Loewy and Neuberg™ found a needle form of cystin occurring in 
a stone which they examined. This substance has however been shown 
by Fischer and Suzuki“ to be tyrosin. That this is a probable 
explanation is borne out by the fact that several cases of the occurrence 
of tyrosin in the urine of cystinurics are now recorded. 

That cystin does occur in other crystalline forms in the urine is 
however clear from the results obtained in case D, recorded in this 


paper. 
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spindle forms was dissolved in normal hydrochloric and then reprecipi- 
tated with ammonia. It reprecipitated entirely in the hexagon form, 
showing that in hydrochloric acid solution the various forms are 
identical. 

To test the purity of the actual precipitate weighed up, an attempt 
was made to estimate its rotation. 

It was difficult to get sufficient material off the dried filter papers 
without also getting u considerable admixture of filter paper, the value 
of the specific rotation is therefore low. 


‘1617 gm. in solution in 50 ¢.c. normal hydrochloric gave a rotation of 130° in a 

2 decimetre tube, giving a specific rotation 8 
a, 2010. 

A considerable amount of filter paper had to be filtered off before 
the solution was clear. 

It is therefore probable that the precipitate weighed up consisted only 
of cystin. 

To show that the precipitation of the cystin out of the urine was 
complete the residues of several estimations from case D were treated 
by the benzoylation method. No black precipitate was obtained with 
caustic potash and basic lead acetate, showing the absence of cystin. 

On the supposition that the cystin, when washed off the filter paper 
in ammonia solution, might be estimated by the polarimeter, the specific 
rotation of cystin in ammonia solution was estimated. 

The cystin used was calculus cystin, in fact from the same source as 
that used by Rothera®. 


Five estimations were made, the specific rotation varying between 
— 94° and — 100° and the mean value being 


a9 97°5°. 
The reading —100° was obtained in 50 % ammonia solution, the 
others were in 24°/, and 5 / solutions. 


The great increase in the strength of the ammonia solution does not 


seem to greatly alter the specific rotation, the value obtained was there- 
fore included in calculating the mean value. 


The value obtained does not agree with that of Külz e, who found 
a; = — 142°, 
As the value of the specific rotation is so low, the possible error in 


reading would introduce so large an error that the method was 
abandoned for the gravimetric one, 
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To ascertain the purity of the stone cystin used, its specific rotation 
in normal hydrochloric acid was estimated. 


(1) 6238 gm. cystin was dissolved in 34-1916 gms. normal hydrochloric. Specific 


gravity of the mixture 10229. Rotation in a 2 decimetre tube 8°27° to the left. Specific 
rotation 


4 — 225-6. 


(2) ‘6908 gm. cystin was dissolved in 33-9673 gms. normal hydrochloric. Specific 
gravity of the mixture 1-0237. Rotation 8-96° to left. 


a= — 219-6. 
The mean value obtained is therefore —222°6° agreeing with 
Mörner's“ and Fischer's values. 
Emil Abderhalden™ also has lately published a paper showing 
that cystin has this specific rotation when obtained from calculi. 
In the experiment, in which cystin was added to normal urine, cystin 


prepared from hair was used. The specific rotation of this was also 
tested. 


1-0105 gms. cystin in 35-7596 gms. hydrochloric. 
Rotation 12°80° to left, giving 


Cystin from the two sources was also identical under the microscope. 

This identity has also been shown by Fischer, Rothera and 
others. | 

In order to see whether any form of cystin besides the hexagonal 
was present in calculi, the cystin stones in the St Bartholomew’s Hospital 
Museum were examined. Scrapings of these stones were dissolved in 
dilute ammonia, and the solution was allowed to evaporate on a micro- 
scopical slide in the air. The cystin crystallized out in hexagons and 
hexagons only, even when evaporation was on the point of completion. 
Five stones in all were examined. 

The scrapings were also tested with Millon’s reagent for the 
presence of tyrosin, but no tyrosin was discovered to be present in 
them. 

These results agree with those of other observers with one exception. 
Loewy and Neuberg™ found a needle form of cystin occurring in 
a stone which they examined. This substance has however been shown 
by Fischer and Suzuki® to be tyrosin. That this is a probable 
explanation is borne out by the fact that several cases of the occurrence 
of tyrosin in the urine of cystinurics are now recorded. 

That cystin does occur in other crystalline forms in the urine is 
however clear from the results obtained in case D, recorded in this 


paper. 
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148 J. F. GASKELL. 
SUMMARY. 


1. The addition of acetone appears to render the acetic acid 
method a trustworthy one for the quantitative estimation of cystin. 


2. Cystin can be obtained from urine in other crystalline forms in 
addition to the hexagonal one. 


3. The specific rotation of cystin in ammonia solution is estimated 
to be - 97°5° ; the rotation in hydrochloric acid being, as other observers 
have found, about — 223°. 


4. The identity of hair cystin and stone cystin is confirmed. 
5. In five cystin stones from St Bartholomew's Hospital Museum the 


cystin was only found in the form of hexagons. Tyrosin was not present 
in them. | 
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ON GLYCOGEN FORMATION BY YEAST. By F. W. PAVY, 
D. LL.D. F.RS. anv H. W. BYWATERS, PhD. FIC, 
A.R.CSe. (Lond.) 


Historical Sketch. The fact that during fermentation the yeast cell 
is capable of transforming part of the sugar supplied to it into a more 
complex form, was known for many years before it was recognised that 
the modified carbohydrate thus produced was glycogen. Pasteur“ 
seems to have been the first to notice that yeast that had been allowed 
to develop in a medium containing much carbohydrate yielded when 
boiled for some hours with dilute sulphuric acid a considerable quantity 
of reducing sugar. In discussing the probable source of this sugar, he 
speaks of the cellulose of the yeast-cells as constituting the glycogenic 
(sugar-forming) material. 

Béchamp' noted the presence among the products of fermentation 
of an optically active gummy material possessing a specific rotation of 
+ 95°5° [glycogen [a], = 198°5°], and shortly afterwards Nägeli and 
Lö w' succeeded in obtaining this mucilaginous substance in a fairly 
pure state and expressed the opinion that it was derived from the 
cell-membrane, thus bringing their observations into accord with the 
original view put forward by Pasteur. 

Schutzemberger and Destrem“ brought forward evidence for the 
view that sugar was built up into yeast during fermentation. They 
determined the amount of yeast remaining after extraction with boiling 
water and the quantity of nitrogen it contained, before and after 
incubation, and found that if no sugar were present in the nutrient 
liquid a decrease occurred in the weight of insoluble residue about 
equal to the amount of proteid equivalent to the observed loss of 
nitrogen, whereas, in the presence of sufficient carbohydrate, an amount 
of insoluble residue remained after incubation which exceeded that 


1 Comptes Rendus, XI VIII. p. 640, 1859, and Ann. chim. et phys., LVIII. p. 411, 1860. 
2 Comptes Rendus, uxxtv. p. 187. 1872. 

3 Sitewngsber. d. K. bayer. Akad. d. Wissensch. vit. p. 161. 1878. 

* Comptes Rendus, LXXXVIII. pp. 289, 383, and 593. 1879. 
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which, calculating from the loss of proteid, ought to have been present. 
This ‘extra’ amount of residual yeast they ascribed to incorporated 
carbohydrate, which, however, owing to its insolubility in boiling water, 
they thought could scarcely be glycogen. It may be remarked, however, 
in this connection that glycogen is extracted with as much difficulty 
from yeast cells as it is from liver cells, and therefore the increase 
observed by Schutzemberger and Destrem, notwithstanding the 
process of extraction with boiling water adopted, probably consisted 
of glycogen. 

In 1882 the carbohydrate synthesised by the yeast was declared by 
Errara' to be glycogen. On extracting the yeast with water, a non- 
reducing carbohydrate was obtained which gave a feeble reaction with 
iodine and which on hydrolysis was converted into reducing sugar. He 
regarded the substance as standing chemically in the same relation to 
glycogen as the higher dextrins do to starch, and concluded that it was 
derived from glycogen by partial hydrolysis during the extraction 
process. In a later paper“ he confirmed the presence of glycogen by 
the results of microscopic observation, showing that yeast cells during 
fermentation react vigorously with iodine. 

Laurent“ extended these discoveries by observing the formation 
of glycogen to occur in yeast growing in the presence of various 
substances. The details of his work were published in the following 
year“ and constitute a most valuable contribution to the subject. The 
yeast cells were cultivated in prepared media containing the requisite 
proportion of inorganic salts and the substance whose glycogen-de- 
veloping capacity it was required to determine. Drops of the culture 
were examined microscopically from time to time, using iodine solution 
as the staining liquid, and in many cases the formation of glycogen 
was observed. Thus, lactates, glycerine, gum arabic, asparagine, 
peptone and egg albumin were found by him to be transformed, at 
any rate in part, by the growing cells into this reserve carbohydrate. 
By hydrolysing the yeast with dilute sulphuric acid, he was able to 
show that 30°/, of the dry yeast might consist of glycogen. 

About this time, Salkowski' discovered afresh in yeast a substance 


“L’Epiplasm des Ascomycétes et le glycogéne des vôgetaux,“ Bruxelles, 1882, pub- 
lished in the Recueil de Pinstitut botanique, Bruxelles, 1. p. 1. 1906. 

* Comptes Rendus, ct. p. 253. 1885. 

Ann. de UInstitut Pasteur MI. p. 118. 1889. 

* Ann. de la Soc. belge. de microscopie Xv. p. 31. 1890. 

® Arch. F. (Anat. u.) Physiol. p. 654. 1890. 
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staining brown with iodine, and succeeded later’ in obtaining it in an 
apparently pure state. Owing to the slight differences in optical 
activity and opalescence in aqueous solution which he observed, he 
concluded that, although possessing most of the properties of animal 
glycogen, it could not be considered identical with it. Cremer’, 
however, pointed out that the relations of glycogen to the liver cells— 
the conditions leading to its appearance and disappearance, its con- 
geners, etc., were all closely reproduced in the case of the yeast cell 
and he maintained that physiologically, if not chemically, yeast gly- 
cogen was not essentially different from the glycogen to be obtained 
from animal sources. 

A similar conclusion was arrived at by Clautrian“ who extracted 
the material from a pure culture of yeast and compared it with 
specimens of glycogen obtained from rabbit's liver and from various other 
sources, He found the optical rotatory power to be the same in each 
case, but otherwise confirmed the observations of Salkowski with regard 
to variation in the degree of opalescence in solution and in the intensity 
of the colouration produced by iodine. The chemical composition was 

determined by him to be represented by the formula 


[6 (C,H, O,) + H. 


and he suggested that the slight differences observed might be 
accounted for by assuming a variation in the value of n. These 
results were amply confirmed by Harden and Young‘ with the ex- 
ception of the formula for the substance. On drying the material for 
analysis by heating in vacuo, the last traces of water were removed, 
and the analytical figures for specimens of glycogen from all the sources 
examined, agreed closely with those required for the simple formula 
(C, H., O) ,. It may then be reasonably considered as conclusively 
settled that the complex carbohydrate synthesised from dextrose mole- 
cules by yeast during fermentation is chiefly, if not entirely, glycogen. 
With regard to the means by which the synthesis of glycogen is 
effected, it was assumed in the first place to be a result of the action 
of the living protoplasm of the yeast. When, however, in 1897, 
E. Buchner“ showed that the expressed cell juice contained an enzyme 


1 Ber. d. deut. chem. Ges. XXVII. pp. 497 and 8325. 1894. 

2 Münch. med. Wochens. XII. p. 525. 1894; Zeite, f. Biol. xxxu. p. 1. 1895. 

de Belgique, LIII. p. 1. 1895-6. 

Jour. Chem. Soc. LXXXI. p. 1224. 1902. 

5 Ber. d. deut. chem. Ges, xxx. p. 117. 1897. 
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152 F. W. PAVY AND H. W. BYWATERS. 
which was capable of breaking down sugar with the production of 


alcohol and carbon dioxide, i.e. in the same way in which it is broken 
down by the living yeast cell, it became necessary to ascertain whether 
the formation of glycogen was also due to the action of an enzyme or 
whether it was dependent upon the integrity of the living protoplasm 
of the cell. The publication of Croft Hill’s discoveries in the 
following year’ brought yet a third possible explanation to the front— 
viz., that the glycogen owed its formation to the reversed action of the 
diastatic enzyme known to exist both in the yeast cell and in the 
expressed juice. 

On allowing yeast juice to remain at the ordinary temperature for 
a few hours, Cremer’, by examining its reaction with iodine solution, 
found that the glycogen which it originally contained had disappeared. 
The addition of 10—30°/, of levulose or dextrose to such a glycogen- 
free yeast juice resulted in four experiments out of eight in the gradual 
reappearance of the glycogen, which was rendered apparent by the 
return of the iodine reaction. Macfadyen, Morris and Rowland’ 
observed that when yeast juice was mixed with a known quantity of 
cane sugar or dextrose in aqueous solution, the amount of sugar which 
disappeared during fermentation was considerably in excess of that 
which could be accounted for by the amount of carbon dioxide and 
alcohol produced. They stated that hydrolysis of the liquid remaining 
at the end of fermentation did not result in the reappearance of the 
vanished sugar and they seemed inclined to attribute the loss to an 
incorporation of it into the perhaps still-living pressed-out protoplasm 
in such a manner as to be no longer capable of being recovered. 

A repetition of these experiments by Harden and Young‘ showed, 
however, that the loss of sugar was due to the formation of a compound 
from which, contrary to the results of Macfadyen and his colleagues, 
they were able, by boiling with dilute acid for a sufficient length of 
time, to again liberate reducing sugar. They did not commit themselves 
to any statement as to the nature of the synthetic product, owing to 
their failure to isolate any substance of a carbohydrate nature. Never- 
theless, bearing Cremer’s results in mind, there can be little room 
for doubt that the loss of sugar is due to its becoming converted into 
glycogen, either through the agency of a specific enzyme, as suggested 

1 J. Chem. Soc. IXXII. p. 684. 1898. 

Her. d. deut. chem. Ges. xxxn. p. 2062. 1899. 


Proc. Roy. Soc. LXVII. p. 250. 1900; Ber. d. deut. chem. Ges. XXIII. p. 2786. 1900. 
Ber. d. deut. chem. Ges. XXVII. p. 1052. 1904. 
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by Harden and Young’, or through the reversed action of the yeast- 
diastase, in accordance with the views expressed by Buchner“ Recently 
Buchner and Meisenheimer“ have confirmed these results of Harden 
and Young so that to the conclusion that part of the sugar is built 
up during fermentation into glycogen may be added the statement that 
this synthesis is accomplished through enzymic agency. 

Although, as will have been perceived, a considerable amount of 
work has been performed in connection with the matter under considera- 
tion, yet circumstantial information based upon definite quantitative 
analytical procedure is lacking. It is this which our experimental 
work about to be set forth steps in to supply. Under varied conditions 
we have ascertained the precise extent and rapidity of production of 
glycogen from sugar by yeast cell agency and from the particulars to 
be given it will be seen that the results obtained afford information 
of an instructive nature. 

Method of Procedure. The fundamental part of the work consisted 
of the quantitative determination of the glycogen. Without a reliable 
process for accomplishing this, the work would constitute a futile 
undertaking. In the procedure adopted steps were taken to secure that 
the glycogen was effectually separated from other carbohydrate, and its 
amount was then determined by hydrolysis succeeded by estimation of 
the sugar produced by the ammoniated cupric (Pavy’s) test. The 

— is a detailed description of the plan throughout pursued. 

: e fermentations were conducted for the most part in flasks of 
about 125 C. c. capacity, maintained at the required temperature by 
immersion in a bath of water; and the quantities usually employed were 
2 grammes of fresh pressed yeast (Balloon) and 25 c.c. of the nutrient 
medium in each flask, When necessary, the medium was raised to the 
incubation temperature before mixing with the yeast, and, in every 
series of experiments, a control before incubation was taken. 

The yeast cells having been uniformly distributed throughout the 
liquid by shaking, the fermentation proceeded in a favourable medium 
at 35°C. with considerable evolution of carbon dioxide. Examined 
microscopically, the yeast cells were seen to lose their vacuolated and 
starved appearance and to become fuller and swollen out, whilst a 
gradual darkening of the colour produced on staining with iodine 
solution rendered evident the storage of glycogen taking place. At 
the end of a given time, two volumes of alcohol (95 / ) were added and 


1 loc. cit. p. 1068. 2 Die Zymase-giihrung, p. 55. 1903. 
Ber. d. deut. chem. Ges. xxx1x. p. 3201. 1906. 
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the mixed liquids heated to boiling point in a water-bath. After 
cooling and allowing time for the settlement of the precipitate to take 
place, filtration was performed through asbestos contained in a Gooch 
crucible with the aid of a water-pump, and the residue, washed free 
from all traces of sugar with 70% alcohol, was then transferred back 
to the flask with 50 cc. of 2°5°/, hydrochloric acid and submitted to 
hydrolysis by boiling for 14 hours under the inverted condenser. The 
cooled solution was nearly neutralised with caustic potash and boiled 
with 3—4 C. of hydrated alumina, according to the plan now adopted 
in the preparation of these hydrolysed liquids for titration’. The 
solution was then brought to a known volume (100 c..) and filtered 
through a dry filter. The filtrate was made alkaline with one or two 
drops of concentrated potash and thrown on a second dry filter. The 
liquid thus obtained was devoid of colour and on titration with the 


ammoniated cupric test gave a sharp end-point, the trace of biuret | 


reaction, if any produced, being insufficient to occasion any obscuring 
effect. * 
Amount of glycogen in commercial yeast. 

As a preparatory step to experimenting on the production of 
glycogen by the yeast cell during fermentation, determinations were 
made of the quantity ordinarily existing in fresh, unincubated yeast. 
Several specimens of the commercial product were mixed with water, 
then treated with alcohol, and the precipitate collected and hydrolysed 
in the manner already described. Each was found to contain a con- 
siderable quantity of glycogen, although on treatment with iodine 
solution and examination by the microscope only a faint yellow staining 
of the cells was, as a rule, to be observed. From several determina- 
tions it was found that a range of from four to six per cent. could be 
taken as representing the amount of glycogen ordinarily present in 
commercial yeast. 

Seeing that the mode of experimenting employed involved the 
admixture of the yeast with sugar, it was considered necessary to make 
sure by preliminary experimentation that the procedure adopted 
secured that no error arose therefrom. Portions of yeast were treated 
with water and others with dextrose solution and at once subjected to 
examination. The results obtained sufficiently tallied to show that the 
added sugar had been effectively removed by the filtration and alcoholic 
washing entering into the analytical procedure prior to the glycogen 
determination. 

Vide this Journal, x. 1896. 
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Reduction of the quantity of glycogen in yeast. 


Numerous attempts have been made by us to obtain a glycogen-free 
yeast, but without success. Acting upon the instructions yiven by 
Buchner and Meisenheimer' for the reduction of the amount of 
glycogen in yeast, a weighed portion of fresh yeast containing 620% 
glycogen was spread out in a thin layer on a glass plate and allowed 
to dry in the air. After 48 hours the glycogen was determined and 
found to have undergone scarcely any alteration, the amount being 
equivalent to 6°04°/, calculated on the weight of fresh yeast originally 
taken. On mixing the yeast, however, with water to form a thin cream 
prior to spreading it out on the glass, a considerably lower percentage, 
viz, 4°65 was obtained. Contact with the water whilst evaporation was 
taking place presumably permitted the occurrence of change attended 
with the loss of glycogen. 

The subjoined results show that the effect of incubating yeast in 
the presence of water is to lead to a diminution of its glycogen content. 
Two gramme quantities of different samples of yeast were incubated 
with 25 c.c. water for 24 hours at 35° in some observations, and for 24 

hours at 21° in others. 


‘Incubation of yeast with water. 


— “ther Incubation 
25 hrs. 498 8-89 
24 4-85 4-07 
24 4-01 3-70 
24 6-20 5-22 
24 6-20 5-46 
24 5°77 5-64 


Glycogen formation in yeast. 

With the view of ascertaining the extent and rate of production of 
glycogen in yeast under various conditions, the following series of ex- 
periments were devised. In the first place the inquiry was directed to 
determining the rate of production, and for the purpose a 10% dextrose 
solution was employed as the culture medium, with an incubati 
temperature of 35°. The previously named standard 1 8 8 of y 
and sugar solution were used. 


1 Zeits. f. physiol. Chem. xu. 8. 554. 1904. 
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In a second series of experiments with different periods of time 


allowed for fermentative action but otherwise conducted under like 


conditions, the results stood as follows: 


Amount of glycogen 
0 hrs. 4°85 — 
2 9°33 114 
8 10-69 146 
4 9°68 128 
6 7°55 74 
24 611 40 


From these results it is seen that in the first series of experiments 
the amount of glycogen rose in 24 hours from 484 to 11°66°/,. This 
was the maximum point attained, and at the end of four hours, the 
next period taken, the quantity had fallen to 9°33°/,, showing that 
autophagous action, which constitutes a recognised occurrence, had now 
set in. In the second series, the glycogen had risen in two hours from 
435 to 933% and in another hour to 10˙69 %, or about 24 times the 
amount that had existed at the time of starting. This was the highest 
point of production reached, and from this it fell till, at the end of 
24 hours, the amount stood at 6°11 / not far from that existing at 
the beginning. 

The results noted show that first of all storage of the glycogen 
formed by the yeast cell takes place, and afterwards, presumably as 
exhaustion of the allotted amount of sugar is approached, application 


of the stored glycogen occurs for the maintenance of the cell operations 


carried out. 


Experiments were next performed to ascertain the effect of varying 
the degree of concentration of the dextrose solution. Incubation was 


carried out with the named standard quantities at 35° for three hours 
in each case. 


F. PF. PAVY AND H. . BYWATERS. 

4 Glycogen in yeast after per iods of incubatio n. g 
Time incubation cxpreased 1 cent. Percentage increase 
. carried on fresh yeast taken of glycogen 

0 hre. 4-84 

5˙92 22 

i 8°15 67 
11°15 129 

23 11-66 141 

4 9-33 92 
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Strength of sugar solution in relation to glycogen production. 
The yeast employed contained at starting 6°38 % of glycogen. 


A of 
at end of 
of 
2% 6-72 5 
4 7°88 23 
11°20 75 
16 18°27 108 
82 9°51 49 


These results indicate that the growth of yeast in dilute sugar 
solutions was attended with scarcely any formation of reserve carbo- 
hydrate. Augmentation of the sugar in the solution resulted in a rapid 
increase in the amount of glycogen produced, the maximum, under the 
conditions specified, having been found to be reached when the solution 
was of 16°/, strength. Solutions of higher concentration appeared to 
inhibit to a considerable extent the power of the yeast to form glycogen, 
reference to the table given showing that the effect of raising the 
strength of the dextrose solution employed from 16 to 32°/, was to 
decrease the amount of glycogen formed by 50%. 


Influence of Tartaric Acid in relation to glycogen formation 
by yeast. 

It is known that alcoholic fermentation is inhibited in the presence 
of small quantities of organic acids and the following experiments were 
arranged for the purpose of ascertaining whether a similar effect on 
the glycogen production was observable. In the first experiment 
sufficient tartaric acid was added to bring its amount in the solution 
to 5% strength, whilst in the second it was reduced to 2%. A 10% 
dextrose solution was the nutrient medium employed and the incuba- 
tions at 35° were carried on for 24 hours and those at 21° for 24 hours. 
To serve as a control, a portion of yeast was in each case incubated 
under the same conditions with the uxception that no tartaric acid 
was added. 


Amount of glycogen present in the yeast 
8 Temp. of “ Before After incubation After incubation ~ 
in the solution incubation incubation with acid without acid 
5 85° 4-01 % 414% 10°56 % 
2 35 6˙20 5°88 10°67 
2 21 6-20 7-40 9°98 


As is at once apparent, inhibition of glycogen production was 
complete in the presence of 5% tartaric acid. When the acid was 
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t to the extent of 2% and the incubation temperature was 35°, 

a like result was obtained; whilst at the temperature of 21° a certain 

amount of glycogen was formed, but the quantity was insignificant 
compared to that produced in the control containing no acid. 

In a repetition of the above experiment, in which, however, the 

dextrose solution was replaced by water, it was found that the tartaric 
acid favoured the autophagous disappearance of the glycogen. 


Amount of glycogen present in the yeast 
in the solution incubation incubation with acid without acid 
5 85° 4-01 2-96 % 8°70 
2 35 6°20 4°50 5°22 
2 21 6°20 4°99 5°46 


Tartaric acid, then, in the strengths employed, does not merely 
prevent the building-up of glycogen, but promotes also its breaking- 
down. 

| activation in relation to glycogen production in yeast. 

Upon the strength of the work of Harden and Young’ in con- 
nection with the activation of the alcoholic ferment (zymase) in yeast 
juice, we have been led to investigate whether the enzyme concerned in 
glycogen formation could also be stimulated to greater activity by the 
addition of an inorganic phosphate or of a boiled extract of yeast. The 
di-sodium hydrogen phosphate (Na,HPO,) was the phosphate employed 
and the results obtained with it were as follows: 


Influence of phosphate on yeast in relation to glycogen production. 


Incubations at 35° with 10 % dextrose solution. 


Amount of glycogen | present in the yeast 
8 — 4 — Before After incubation After incubation 
0-4 1 brs. 4°98 % 7°89 °/, 7°66 °/, 
0-4 23 4-93 11°66 11:15 
0˙8 23 4-84 11-99 11°66 


The comparison of the amounts of glycogen in the yeast after 
incubation with and without the addition of the phosphate shows 
clearly that this substance, in the quantities here employed, exerted 
no activating action on the glycogen-producing enzyme. Buchner and 
Meisenheimer* experimenting with yeast juice have obtained results 


1 Proc. Roy. Soc. XXVII. B, p. 405. 1906. 
Ber. d. deut. chem. Ges. xxx1x. p. 8201. 1906. 
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which have led them to express themselves in an accordant manner. 
In view of the fact that, on the one hand, the addition of sodium 
phosphate does not effect any alteration in the amount of glycogen 
produced, whilst, on the other, its presence causes the rate of trans- 
formation of glucose into alcohol and carbon dioxide to become, as has 
been fully established, doubled or even trebled, the conclusion may be 
drawn that the enzymes concerned in the carrying on of these re- 
spective processes are different and act independently of each other. 

Although the inorganic phosphate by itself does not give any 
evidence of influencing the glycogen-forming agency in the yeast, yet 
the production of glycogen, as will be seen from what follows, is much 
enhanced by the mixture of phosphates and other substances contained 
in a boiled aqueous extract of the yeast. The yeast extract was obtained 
by boiling half-a-pound of yeast with a litre of water for about half-an- 
hour, then filtering and bringing up to the original volume. 

In a first series of experiments, the incubations were carried out 
with 10°/, solutions of dextrose in water and in the prepared yeast 
extract, the temperature being maintained at 21°. Two grammes of 
yeast were suspended in 10 cc. and in 150 c.c. of each of the media 
mentioned, and, after the lapse of 24 hours, the amount of glycogen 
respectively present was determined. As the boiled aqueous extract of 
-yeast contained in itself a considerable quantity of glycogen, this was 
in all cases contemporaneously estimated in a measured volume of the 
incubation liquid and deducted in the following tabulation of the results. 


Amount of glycogen in yeast 
705 After ineybgsion of 2 grammes of yeast in 
Medium employed an bation “10c.c medium 150 ¢.c. medium 
10 °/, dextrose in water 612 % 6˙44% 16-70 % 
10 % dextrose in boiled 
} 6-12 5:24 22-08 


These figures afford striking examples of the large extent to which 
glycogen may be formed by yeast during fermentation. In the presence 
of sufficient nutrient material, the quantity of glycogen present is seen 
to have become, in a comparatively short time, more than trebled. 

The observed increase in the amount of glycogen might be the 
result of either of two processes—to an increase in the amount of 
glycogen formed in each cell or to a rapid multiplication of the number 
of cells without any material alteration of the quantity contained in 
each, or it might be due to a combination of the two. Asa means of 
obtaining data which would enable us to discriminate between these 
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alternatives, determinations were made of the amounts of yeast present 
in the solutions before and after incubation. 

In the procedure adopted, the solution containing the suspended 
yeast was treated with two volumes of alcohol. The mixed product 
was thrown on to a filter paper which had been previously washed, 
dried and tarred. The precipitated yeast was washed on the filter with 
75 /s alcohol until free from sugar, then dried at 100—110° to constant 
weight. The increase in the weight of dry product observed to occur 
after incubation in a saccharine medium represents the cell-growth 
and the storage of glycogen which bas taken place. The amount of 
glycogen produced was determined in the usual way by means of 
separate experiments concurrently carried on, and, as before, supple- 
mentary estimations were made of the solid matter and the glycogen 
in the boiled yeast extract solution experimented with. The solutions 
at starting contained 15% dextrose and the incubations were carried 
out in the presence of excess of the media (75 c.c. of the medium to 
each gramme of yeast) at 21° for 24 hours. The following table 
expresses the results obtained, the previously referred to corrections 
having been made. 


Incubation of 1 gramme of yeast in solutions of dextrose in water 
and in boiled yeast extract. 


Percentage of 
Weight of Weight of in 
the dried yeast glycogen yeast 
Before incubation 2880 gm. 0612 gm. 25°7 
After incubation with dextrose 
3870 1612 41-7 
After incubation with dextrose) 
in 6180 2251 36˙4 


In a second series of experiments, the precipitated yeast was collected 
on a tarred Gooch crucible instead of on a filter paper, thus permitting 
of the determination of the glycogen directly in the weighed dried 
yeast, | 


Percentage of 
Weight of w 
the dried yeaa — — yeast 

Before incubation 2178 gm. 0580 gm. 26°7 
After incubati 

0 — with dextrose 3332 1356 40-7 
After i 

incubation with 4088 2209 44˙8 


It is manifest from both series of experimental results that the 


action of the boiled yeast extract is to greatly promote the rapidity 


of the growth of the yeast. Giving consideration to the first series, 
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it is seen that whereas the weight of the yeast when grown in dextrose 
solution increased from 2380 to 3870 gramme, the presence of the 
substances in the boiled yeast extract resulted in its amounting to 
6180 gramme or more than two and a half times what it was at the 
start. 

In the second series of experiments, determination was also made of 
the amount of dextrose remaining unfermented in each solution at the 
close of the period of incubation. It was found, in accordance with 
what might be expected, that corresponding with the accentuated 
increase in the weight of the yeast after incubation in the boiled yeast 
extract, there had been a greater consumption of dextrose. The amount 
of sugar remaining unfermented in the case of the incubation of the 
yeast with dextrose alone was 5°95 grammes whereas after incubation 
in the saccharine boiled yeast extract solution only 0°47 gramme of 
dextrose was recovered, showing that nearly twice as much dextrose 
had been disposed of in the latter as in the former experiment. 

The observed increase in the weight of the yeast under these 
circumstances might however be due to the formation of glycogen 
alone instead of to an augmentation of the other constituents of the 
yeast cell, e., to true cell-growth. That such is not the case is shown 
decidedly by the following figures which have been obtained by 
calculation from the results recorded in the last two tables. 


Correlation of increase of glycogen and growth of yeast. 
One gramme of yeast taken for each experiment. 


in the in the Increase 

of amount due to Due to Due to 

After incubation with yeast of glycogen cell-growth cell-growth 

Pee ‘1490 gm. 1000 gm. 0490 m. 67 33 
(2) Dextrose in 

8 3800 1639 2161 43 57 
Dextrose in 

» 1154 0776 0378 67 33 

Dextrose in 
yeast extract 2805 1629 1176 58 42 


(a) r (8) Second set of experiments. 


Viewed as above arranged the results show, in the first place, that 
the augmented increase in the weight of the yeast grown in the boiled 
yeast extract was largely due to true cell-growth and not merely to 
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increased production of glycogen. In the first series of experiments 
44 times, and in the second 3°1 times as much material, other than 
glycogen, was built up into the cells, under the circumstances named, 
as when the yeast was incubated with the pure sugar solution. The 
boiled yeast extract evidently contained material, probably of a nitro- 
genous nature’, capable of being utilised by the yeast for its rapid 
development. At the same time it is observable that the quantity 
of glycogen was only about doubled and it follows that although the 
amount of glycogen formed by the cells in the boiled yeast extract 
was greater in the aggregate, it was, in relation to the quantity of 
yeast formed, really less than that produced when only dextrose was 
present. As much as 67°/, of the total increase in the weight of the 
yeast grown in the pure dextrose solution was due to glycogen, whereas 
the percentage increase in the case of yeast grown in the boiled yeast 
extract was 43 in the first and 58 in the second series of experiments. 
It may be said, therefore, that when fermentation is carried out in the 
yeast extract solution, the formation of glycogen lags behind that of 
the other constituents of the cell and hence it seems justifiable to 
conclude that the observed increase in the glycogen production is due 
not to any activation of the glycogen-forming enzyme but indirectly to 
an enhanced cell-growth. 


SuMMARY. 


Commercial (Balloon) yeast is found to contain about 5°/, of 
glycogen, equivalent to about 25°/, in the dried material. 

Incubation with water leads to a slight fall in the amount of 
glycogen. 

Incubation with dextrose solutions is attended with a glycogen 
increase which may reach in two or three hours a twofold to threefold 
amount, 

Raising the concentration of the solution up to a certain point 
favours glycogen production, but beyond this point it exerts an in- 
hibiting influence. 

. Tartaric acid inhibits glycogen formation and favours autophagous 
disappearance of glycogen. 


See Pringsheim, Ber. d. deut. chem. Ges. 4048. 1 
ibid. xu. 1027, 1907, XXI. 4048, 1906, and F. Ehrlich, 
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Sodium phosphate, which markedly intensifies zymase action, has 
no influence on the production of glycogen. The ingredients of boiled 
yeast extract, however, greatly promote its production, carrying it 
considerably beyond what is attainable with dextrose solution alone. 

The phenomenon here referred to is shown to be due to increased 
cell-growth, and not to simple accumulation of glycogen in pre- 
existing cells. 
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SEPARATION OF PROTEINS. Part II. Deutero-albumose. 
By H. C. HASLAM. 


(From the Pathological Laboratory, Cambridge.) 


In my preceding paper! I pointed out the difficulties attending the 
separation of proteins by precipitation and proposed some methods by 
means of which approximately pure substances could be obtained. 
I now propose to apply these methods to the study of so-called 
“secondary” albumose. A brief reference to the history of the subject 
will suffice. Kiihne* considered there was but one albumose of this 
kind, which he called deutero-albumose; and many investigators who 
treated the matter on his lines accepted that conclusion, In 1896 
Pie, using the fractional methods of Hofmeister, stated it was 
possible to divide deutero-albumose into three different substances 
which he called A, B and O albumose; the first of these was pre- 


cipitated by about two-thirds saturation of its solution by ammonium 


sulphate, the second by complete saturation, while the third came 
down on the addition of acid to the saturated solution. This division 
has been very largely accepted by authors who have worked with 
albumoses. In a subsequent research, Pick‘ subdivided these al- 
bumoses still further, by the use of alcohol as a precipitating reagent, 
into some seven different bodies, two of which possessed distinctive 
properties, thio-albumose which contained rather more sulphur than 
the others, and glyco-albumose which gave a strongly marked furfurol 
reaction. In all these researches, however, no satisfactory evidence is 
produced that any one albumose is completely separated from the others 
or from substances such as peptones, and, as I have already shown, this 
defect, owing to the nature of albumose, leads to very large errors 
indeed. 


1 This Journal, XXIII. 267. 

Kühne. Zeitech. f. Biol. xx. p. 11. 

> Pick. Zeitsch. f. physiol. Chem. XXIV. p. 246. 

* Pick. Beit. 2. chem. Physiol. v. Path. U. p. 481. 
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In regard to the fraction albumose C, which is obtained by adding 
acid to the saturated solution after all other albumoses have been 
precipitated therefrom, it is difficult to see how it can be regarded as 
a separate albumose at all. I showed in my first paper how, if the 
albumoses of the digestive mixture or Witte’s peptone be repeatedly 
precipitated by saturation with ammonium sulphate, a point is reached 
when the organic nitrogen in the filtrate is constant or, in other words, 
when there is only in the filtrate a small quantity of the albumoses 
that are being precipitated. I took as my definition of albumoses the 
commonly accepted view that they are those bodies which can be 
precipitated by ammonium sulphate; while biuret yielding substances 
that cannot be so precipitated come under the heading of peptones. 
Now the filtrate obtained after completely saturating the digestive 
mixture contains a large quantity of albumose which is held in solution 
by the peptones and other bodies, owing, as I suggest, to being in loose 
combination with them. If to such a filtrate acid is added, a fairly 
large precipitate may be obtained which, according to Pick, would be 
called albumose C. If this precipitate be redissolved and the solution 
saturated with ammonium sulphate a heavy precipitate of albumoses is 
obtained. But this albumose, of course, being precipitable by salt, must 
come under the heading of albumose A or B (at any rate such of it as 
is not primary). Any other biuret yielding substances that come down 
with the albumose on the addition of the acid must be considered to be 
peptones. I think, therefore, that we can dismiss albumose C from 
further consideration in this connection. 

We have to consider, then, whether Kühne's deutero-albumose can 
be split into different substances, or groups of substances, albumoses 
A and B, by means of ammonium sulphate. Now the fact of being 
able to separate any group of proteins into a series of fractions by 
Hofmeister’s method does not of itself prove that the fractions consist 
either mainly or partially of separate substances. Every fraction, as at 
first produced, contains a proportion of every protein in the mixture 
operated on; it is only by subsequent investigation that we can 
discover which fractions correspond to separate substances, and which 
are mixtures of substances properly belonging to other fractions. 
Furthermore a close scrutiny of the experimental data on which 


Pick? rests his assumption that fractions more or less separated from 


each other can be obtained by the gradual addition of ammonium 


1 Pick. Zeitsch. f. physiol. Chem. XXIV. p. 250 and following. 
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sulphate to Witte's peptone, shows serious discrepancies which, as I 
think, invalidate his theory. His method, as I understand it, consists 
in having a series of vessels containing equal quantities, 2 c.cm. of a 
solution of Witte's peptone; to these are added increasing quantities of 
saturated ammonium sulphate solution beginning with 1 c.cm. and 
going on to 2, 22, 24 com. ete.; water is then added so as to make 
the total volume in each vessel 10 cem. We thus have a series of 
tubes each containing the same amount of albumose and the same 
volume of liquid, but increasing quantities of salt. The precipitates 
thus formed are filtered off and the filtrates treated with a further 
small quantity 0°2-c.cm. of the saturated salt solution. When the 
filtrate so treated shows a further precipitate it is argued that the 
fraction is being precipitated at that particular concentration; while 
when the filtrate remains clear it is considered that the fraction in 
question has ceased to come down, and a so-called precipitation 
boundary (Fallungs-grenze) is reached. 

It is stated on page 253 and shown in the table, Series II, which I 
reproduce, that the precipitation boundaries of fraction II (albumose A) 
are 54—62c.cm. On the preceding page, however, is a table, Series I, 
which I also reproduce, showing an extensive series of precipitations ; but 
at these concentrations when fraction II should be coming down there is 
no evidence whatever that it does so; the filtrates remain quite clear. 
This series of experiments is quite plain and straightforward, and the 
fact that no fractionation in secondary albumose is seen can only mean 
that no such fractionation occurs. (The author makes no reference 
whatever to this circumstance.) Why then is fractionation apparently 
shown in the succeeding series of experiments, Series II? This can 
be explained in the following way. The author begins this series with 
a solution obtained by adding an equal volume of saturated salt 
solution to a 5% solution of Witte’s peptone and filtering off the 
resulting precipitate instead of using simply the 5 %% Witte’s peptone 
solution of the previous experiment. In order, apparently, to maintain 
in each tube the same amount of secondary albumose as in the preceding 
experiment he has 4 cm. of his albumose and salt solution in each 
tube, considering, apparently, that this 4 cem. contains the same 
amount of secondary albumose as the 2 cem. of Witte solution used 
in the first series of experiments, the figures i in brackets indicating the 
corresponding experiments in the previous table. But this assumption 
is not quite correct. If to 2 Cem. of a 5 */s solution of Witte’s peptone 
2 cem. of saturated solution of ammonium sulphate are added, the 
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amount of liquid obtained is not 4 com. but rather less, say about 
375 ccm. So that in taking 4 c.cm. half saturated albumose solution 
the author was taking both more albumose and more salt than in the 
previous experiment. This might account for the slight cloud that 
appeared in the filtrate in Exp. 6 (Series II) on the strength of which 
fractionation is considered to have occurred. In any case the negative 
result of the first series of experiments remains. 

In spite, however, of the evidence in favour of the view that 
albumose A. comes down separately from albumose B being so unsatis- 
factory, it might yet be possible by more extensive fractional precipitation 
to separate these bodies, and in order to definitely settle the question as 
to whether it is possible by means of ammonium sulphate to separate 
Ktihne’s deutero-albumose into two or more bodies I proceeded as 

follows. 
Some 250 gms. of Witte’s peptone were used and working at a 
2—3°/, concentration most of the hetero- a-proto- and 8-proto-albumose 
were removed by repeated half saturations and crude deutero-albumose 
was obtained, peptones and other bodies being removed on complete 
saturation. During this operation care was taken that no albumose 
whatever was lost except such as remained dissolved in the completely 
saturated salt solution after precipitating the deutero-albumose. This 
was accomplished by always soaking the filter papers to which any 
albumose was adherent in water and so obtaining any trace of 
substance. * 

The deutero-albumose was then divided into two fractions A and B 
by two-thirds saturation. Fraction A was the larger. 

In this and all subsequent experiments in order to bring the solution 
from half to two-thirds saturation solid salt was used, since it is greatly 
preferable to keep the solution at about the same concentration during 
precipitation. The albumose concentration was 1 or 2°/,. If the 
saturated solution is used, according to Pick’s procedure, either one 
must begin with a too concentrated albumose solution or end with an 
inconveniently dilute one. I showed in my previous paper the im- 
portance of working with dilute solutions. 

I then took fraction B; half saturated its solution to get rid of any 
primary albumose remaining and then, after filtering, brought the 
solution to two-thirds saturation : more than 50% of the albumose was 
precipitated. This was filtered off, the filtrate completely saturated and 
the remaining albumose collected. I thought at first that the large 
precipitation on two-thirds saturation was some of fraction A that 
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remained dissolved in B together with some primary. But on redissolv- 
ing fraction B (presumably more purified) and repeating the treatment, 
again more than 50°/, of the albumose present was precipitated on two- 
thirds saturation. The filtrate from this was completely saturated and 
fraction B, now much diminished, collected. It was again treated in 
the same way, again with a similar result. Treated in this way fraction 
B rapidly disappeared and after some five experiments there was less 
than a gram of material; this also on two-thirds saturation was pre- 
cipitated to the extent of some 50°/,. It is quite apparent from these 
experiments that there is no albumose which can only be precipitated 
from two-thirds to complete saturation. 

In order to complete the demonstration I took fraction A and in a 
series of experiments precipitated it by bringing its solution to two- 
thirds saturation, redissolving it and again precipitating it. This was 
repeated some seven times and at each precipitation rather less than half 
the albumose remained over in the filtrate: fraction A was thus rapidly 
reduced in quantity, and the fraction of a gram on which the last 
experiment was conducted behaved in precisely the same way as the last 
amount of fraction B, viz. rather more than half was precipitated by 
two-thirds saturation. 

It was thus abundantly evident that there was no difference between 
fraction A and fraction B and that Kuhne's deutero-albumose could not 
be split up by ammonium sulphate. , 


Preparation of deutero-albumose. 

I showed in my previous paper that neither Kühne nor any 
subsequent author had prepared deutero-albumose in a state of anything 
like purity. In order to get a fairly pure sample from the crude 
deutero-albumose of the previous experiment, I proceeded as follows. 
Peptones and kindred bodies were got rid of by repeated saturations 
with ammonium sulphate, the albumose being at about 1°/, concentration. 
The precipitations were continued until the last three filtrates, when 
tested with sulphuric acid, showed a constant amount of organic matter. 

Fractional Precipitation. To get rid of the primary albumoses 
fractional precipitation was used. Since I first proposed this method 
for purifying proteins I have effected several improvements in the 
somewhat complicated procedure I originally used. After having 
tried several methods I found the following was the simplest, quickest, 
and, at the same time, most effective. I will assume that the deutero- 
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albumose to be operated on no longer gives a precipitate (or only quite 
a small one) on its solution being brought to “half saturation.” This 
precipitate, then (if there be one), being filtered off the deutero-albumose 
is in a half saturated solution and should be at about a 2% concentra- 
tion. Saturated salt solution is then added until a small precipitate 
appears. A little practice will soon enable the operator to judge the 
amount of substance it is best to precipitate at each fractionation. 
The fraction is filtered off, redissolved in such a quantity of water as to 
make about a 2% solution and to this solution is added an equal 
volume of saturated salt solution. The resulting precipitate consisting 
of the albumoses it is desired to get rid of is filtered off and the filtrate 
is added to the main solution. A second fraction is then taken, the 
primary albumose removed therefrom and the filtrate again returned to 
the main solution. In this way small quantities of primary albumose 
are gradually removed from the solution, and, finally, a fraction is 
obtained which gives no precipitate on being brought to half saturation. 
This shows that the deutero-albumose must be very fairly pure, though 
small quantities of primary may be demonstrated (and removed) by 
taking sub-fractions of the fractions. The experiment is then terminated 
by completely saturating the main solution and thus obtaining the 
purified deutero-albumose. It should be noted that during the course 
of the experiment the solution of deutero-albumose becomes more and 
more dilute as the volume of the solution is always increasing. 
Dilution adds to the efficacy of this fractional method, better separation 
being obtained at each precipitation. If the solution becomes very 
dilute, however, it is more costly of material since, the albumose having 
a small solubility i completely saturated salt solution, if the volume of 
this at the close of the experiment is very large the loss of material 
becomes appreciable. (So that if during the course of an experiment 
the solution becomes inconveniently dilute it is often best to terminate 
the experiment and begin again with a more concentrated solution.) To 
get rid of the ammonium sulphate at the close of the experiment 
I have usually found it most convenient to dialyse the solution for 
24 hours or so, and then to get rid of last small amounts by means of 
barium hydrate, care being taken to avoid excess. 


1 By “half saturation” I mean a solution consisting of equal parts albumose solution 
and saturated salt solution. This, of course, may be obtained by adding the requisite 
amount of solid salt to the solution; but, in reality, of course, it is less than half 
saturated. 
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Action of Zinc Sulphate. As deutero-albumose could not be split 
up by ammonium sulphate I tried the effect of zinc sulphate. A 2% 
solution of the purified substance was completely saturated with the 
salt. ‘Apparently the greater part of the albumose was precipitated, 
but it was clear that a large proportion remained in the filtrate. The 
addition of sulphuric acid to the filtrate (as recommended by Boemer) 
produced a fair precipitate, and I thought it possible that in this way 
a true separation might occur. Further experiment on the lines 
already described, however, showed that this was not the case, the 
precipitate produced by the acid being of the same nature as that 
obtained on saturating with the salt. It was not possible to obtain 
a body which was not largely precipitable by saturation. 

The substance thus acts as one body towards zine sulphate and 
sulphuric acid. 

It is worth noting that these experiments also showed the inferiority 
of zinc to ammonium or sodium sulphate as a precipitating agent. Even 
after the addition of the acid a larger amount of albumose (about 
double) was left in solution than in the case of a control experiment 
under exactly the same conditions in which ammonium sulphate 
was used, 

Action of Alcohol. I next tried the action of alcohol. To a 2% 
solution of deutero-albumose, purified as above described, an equal 
volume of alcohol was added, when a fairly dense precipitate was 
formed, This, after being allowed to stand, was filtered off, the 
alcoholic filtrate was pressed out of the precipitate and the latter 
then dissolved in water. Alcohol was again added, and it was noted 
that a cloud was produced by the first few c.cm.; an equal volume 
precipitated nearly all the albumose present, the filtrate containing 
only a small quantity. 

Meanwhile the filtrate from the first precipitation, on examination, 
was found to contain the greater part of the deutero-albumose. Another 
volume of alcohol was then added and a further precipitate produced. 
The filtrate from this still contained a large quantity of albumose, so 
that it appeared that while a portion of deutero-albumose is insoluble 
in equal parts alcohol and water, another portion is soluble in two parts 
alcohol and one part water. In order to test whether deutero-albumose 
could be divided in this way into two distinct substances I again 
employed the same procedure that I previously used to ascertain 
whether it could be divided by ammonium sulphate. The more 
insoluble portion was dissolved and reprecipitated in equal parts 
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alcohol and water, and, continuing the process, it was soon found that 
the filtrates only contained traces of albumose and that these traces 
were constant in quantity. Thus it was shown that a true separation 
could be effected. Continuing, at any rate for the time being, the 
nomenclature adopted in my previous paper, I will call this body 
a-deutero-albumose. 

The more soluble portion was freed from the a-deutero-albumose 
by means of fractional precipitation as above described, and an albumose 
readily soluble in alcohol and water was obtained. This I will call 
8-deutero-albumose. 

In order to further confirm these results and to be sure that they were 
not in any way due to the prolonged treatment with strong salt solutions 
to which the albumose had been necessarily subjected, I treated some 
Witte’s peptone directly with alcohol. According to my view, hetero- 
albumose, a-proto-albumose and a-deutero-albumose being insoluble in 
equal parts alcohol and water, could be separated from g- proto- 
albumose and g- deutero-albumose by treating a solution of Witte’s 
peptone with an equal volume of alcohol and redissolving and repre- 
cipitating till all trace of the latter had disappeared. On treating the 
resulting mixture with an equal volume of saturated ammonium 
sulphate solution the hetero- and a- proto-ulbumose should come down 
in the precipitate while a-deutero-albumose would remain in the 
filtrate and would come down only on complete saturation. 

I found this to be the case as the following experiment shows. 


60 gms. Witte’s peptone were dissolved in 800 c.cm. water and an equal volume 
of alcohol was added. The precipitate, after standing, was filtered off, pressed between 
filter papers and mixed with water. A large part was insoluble. Again an equal volume 
of alcohol was added and the precipitate obtained, on being mixed with water, contained 
still more insoluble matter. This was allowed to settle at the bottom of a cylindrical 
vessel and the clear liquid above was poured off. The insoluble material, hetero-albumose, 
was twice well rubbed with warm water and the filtrates added to the main liquid. This 
was again treated with an equal volume of alcohol and the precipitate was found mostly 
to dissolve in water. This precipitation was repeated five times; the total volume of the 
mixture after precipitation being 300 c.cm. and the amount of albumose dealt with being 
some 8°56 gms. The small quantities of hetero that appeared were filtered off. The last 
two filtrates only contained traces of albumose and the sulphuric acid test showed these 
traces to be constant in amount. The albumose was then dissolved in water and the 
volume made to 100 c. em. 100 o. em. of saturated ammonium sulphate solution was 
added. After being allowed to stand the precipitate was filtered off, the clear filtrate was 
completely saturated and a good precipitate showed itself which was, therefore, a-deutero- 
albumose. 


Putting together these results with those recorded in my previous 
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paper, there is found a certain symmetry in the action of salt and 
alcohol. | 
Sar (half saturated solution). 


| Insoluble 

ALCOHOL (equal parts water and alcohol). | 

— 


The nomenclature adopted (though temporary) expresses this 
behaviour since the proto products are precipitable by “half saturation,” 
the deutero not: while the a products are precipitable by equal volume 
of alcohol, the 8 being very soluble in alcohol and water. 

I then prepared approximately pure samples of the a- and 8 
deutero-albumose by the means before described and examined their 
precipitability by ammonium sulphate more closely. For this I 
employed Pick’s method, which is well suited for determining 
precipitation limits of pure substances though not for mixtures, as we 
have seen. The albumoses were dried to constant weight and solutions 
made from exactly weighed quantities. 

The following two tables give the results. 


a-deutero-albumose 0°5 °/,'. B-deutero-albumose 0°5 °/,'. 
i 11 af 
: Result : Result 
2 50 3°0 Quite clear. 2 50 30 Quite clear. . 
2 52 28 Quite clear. 2 52 2°8 Quite clear. 
2 5-4 26 Quite clear. 2 54 2°6 Faint opalescence. 
2 56 2°4 Faint opalescence. 2 5°6 2°4 Markedopalescence. 
| 2 58 22 Distinctopalescence.| 2 58 22 Precipitate. 
2 80 0 *Filtrate distinct | tinct 
i on sat- on saturation. 
uration. 


This percentage is the amount of albumose in the final mixture, thus the 
concentration at which the experiment is conducted. ra 


é 
7 
3% 
4 
7 
' 
Z 
— 
a 
“ 


SEPARATION OF PROTEINS. 175 


A careful comparison of the two filtrates marked * showed that each 
contained about the same quantity of albumose. 

It is seen that the two albumoses behave practically alike on being 
“salted out.” Each begins to come down shortly after the “half 
saturation” point and is nearly complete at “ four-fifths saturation,” 
though of course complete saturation does not entirely precipitate 
either body ; they both have a small solubility in saturated solutions. 

It may be noted that these substances show different appearances 
on being salted out and can thus be easily distinguished. As a-deutero 
comes down it forms small crusty masses which float on the surface 
of the salt solution: g- deutero forms sticky masses which adhere 
to the bottom and sides of the beaker and to the glass rod used in 
stirring. 

Molische’s Furfurol Reaction. The success of this reaction depends 
greatly on the conditions. Pick states that only one of his albumoses 
which he called glyco-albumose gave the reaction markedly, the others, 
with a doubtful exception, failed altogether. Both a- and §-deutero 
give a well-marked violet ring when the reaction is performed with a 
fairly concentrated solution: on shaking up however the typical violet 
colour is not produced but varying shades of red. I take it, however, 
that the violet ring is decisive and that therefore both bodies must be 
considered to contain the carbohydrate grouping. a-deutero gave the 
reaction more markedly than §-deutero, a certain difference of 
constitution thus being indicated. For the purpose of comparison 
I tested hetero-albumose and found that it gave an extremely well- 
marked reaction, the typical violet colour being well marked after 
shaking up even when a comparatively small quantity of substance is 
used. Hetero-albumose therefore contains the carbohydrate grouping 
in considerably greater proportion than either deutero-albumose. 
Pick failed to obtain a reaction at all with his hetero: but, as I have 
previously shown, that was a very impure substance. 

Reaction towards Millon’s reagent. g- deutero-albumose gave a 
much more strongly marked reaction than a-deutero. This is 
interesting as it will be remembered that this was also a characteristic 
of B- proto-albumose. There would thus seem to be a connection 
between solubility in alcoholic solutions and the presence of the tyrosin 
radicle. 

Glyoxylic Reaction. Both substances give a well-marked reaction. 
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SUMMARY AND CONCLUSION. 


The above results may be summarised as follows : 


1. That neither by ammonium nor zinc sulphate can deutero- 
albumose be split up. 

2. That it can be split by alcohol into two substances a-deutero- 
albumose and g- deutero-albumose and that these bodies can be 
prepared in an approximately pure state. 


8. Adding these results to those in my previous paper we arrive 


at the general conclusion that by means of water, salts and alcohol 
albumose may be divided into five different bodies-and five only, that 
these bodies can be prepared in an approximately pure state, and that 
they exhibit distinctive differences as regards physical = 
solubilities and in their reactions to reagents. 


APPENDIX. 


Though to prepare these several albumoses in a nearly pure state is a matter of some 
little time and care they may be readily demonstrated and prepared in a crude form 
as follows : 

To a 2% solution of Witte's peptone add an equal volume of alcohol and allow the 
mixture to stand over-night or at least some hours (the longer it stands the easier to 
filter). Filter, collect the precipitate and swim it out in water. The insoluble portion is 
crude hetero and may be filtered off or obtained by decantation. The soluble portion 
contains a-proto and a-deutero and the former can be separated from the latter by the 
addition of an equal volume of saturated ammonium sulphate solution, the a-deutero being 
obtained by completing the saturation. f- proto and §-deutero which remained in the 
first alcoholic filtrate can then be obtained as follows: evaporate off the alcohol 
(preferably at 40°—50° C., on a water bath at as low a temperature as convenient); make 
up the solution again to its original volume and add an equal volume of saturated salt 
solution; this precipitates the §-proto, and the 6-deutero can be obtained by completely 
saturating the filtrate. Of course, if each of these precipitations is performed twice 
better results will be obtained. 
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ON AN APPARENT MUSCULAR INHIBITION PRO- 
DUCED BY EXCITATION OF THE NINTH SPINAL 
NERVE OF THE FROG, WITH A NOTE ON THE 
WEDENSKY INHIBITION. By V. J. WOOLLEY, 


Fellow of King’s College, Cambridge. 


(From the Physiological Laboratory, Cambridge.) 


Since Wedensky’ first published his discovery of the effects of strong 
faradisation of the frog’s sciatic, numerous observers have described the 
same results which he obtained, and from time to time some special case 
of his general law is put forward as a proof of the presence of inhibitory 
nerve fibres in the nerve trunks supplying the skeletal muscles. 

What Wedensky showed was that if the nerve of a muscle-nerve 
preparation was excited by an interrupted induced current, an apparent 
inhibition took place when the strength of the current or the rapidity of 
its interruptions was increased beyond a certain point. This effect was 
only noticeable when the muscle was slightly fatigued. The strong 
current moreover was not only unable itself to bring about a maximal 
muscular contraction, but also it rendered the whole nerve trunk 
inexcitable by any weaker stimulus. 

A stimulation so strong as to produce this inhibitory effect 
Wedensky named the “pessimum” stimulus in contradistinction to 
the weaker “optimum” stimulus which called forth a maximal con- 
traction of the muscle. 

It follows from these results that if a nerve is excited at one point 
continuously with an “optimum” stimulus, while a “pessimum” stimulus 
can be applied from time to time at another point, then every applica- 
tion of the latter will bring about an incomplete relaxation of the 
muscle. This experiment is the one which has been most frequently 
repeated in various forms by subsequent investigators. For instance 
Kaiser“ substituted a chemical stimulus for the optimum electrical one, 

1 Pfliiger’s Arch. xxxvu. p. 69. 1885. Arch. de Physiol. norm, et path, s. 5, M. p. 686. 
1891. 
® Zeitechr. f. Biol. XXVII. p. 417. 1892. 
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and by strong faradisation of the upper end of the sciatic obtained an 
inhibition of the tetanus whieh was produced by applying glycerine to 
the middle of the nerve. 

During the current year Nicolaides and Dontas have published 
an account of an experiment which they regard as a demonstration of 
the inhibitory nerve fibres of skeletal muscle. They have shown that 
if a continuous tetanus of the frog’s gastrocnemius is produced by a 
strong excitation of the eighth spinal nerve, then a weaker excitation of 
the ninth nerve will frequently bring about a relaxation. On this 
ground they contend that the ninth nerve contains inhibitory fibres to 
the gastrocnemius muscle. 

Now at first sight this phenomenon appears to differ materially froin 
that which Wedensky discovered. For Nicolaides and Dontas 
apparently do not apply to the ninth nerve any stimulus other than that 
by which the inhibition is effected, whereas the Wedensky inhibition 
would be obtained only if a strong stimulus were sent into a nerve 
which was already excited by a weak one. But I think that the 
experiments which I propose to describe afford proof that the phe- 
nomenon described by Nicolaides and Dontas is in reality only 
another special case of Wedensky’s general principle. For their 
phenomenon may be explained if we suppose that the ninth nerve is 
stimulated by the spread of current from the electrodes applied to the 

eighth, as well as by the current directly applied to it. 

. The first point to which my experiments were directed was the 
obtaining with certainty the phenomenon described. For Nicolaides 
and Dontas did not find the phenomenon constant in different frogs, 
perhaps because they always confined themselves too closely to the 
relative strengths of stimulus which they describe. Whatever its cause 
it is unlikely that in similar frogs it should be obtainable in one and not 


in another, and I found that by the following method it could be 
produced without fail. 


The lower root is excited with a coil in the ordinary way, the : 


strength of the current being gradually increased from a subminimal to 
an optimal value. As soon as the curve has begun to fall slightly, a 
sudden increase in the strength of the current will produce a very 
obvious relaxation which will give place to a renewed contraction if the 


current is weakened. This is the ordinary Wedensky effect obtained 
with one root instead of with the nerve trunk, and it is with stimula- 


a Sitrungob. d. k. preussischen Akad. p. 864. 1907. 
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tions of this increased strength that the root in question will produce 
the inhibition which Nicolaides and Dontas have described. If we 
now apply the same method to the upper root, but, instead of stopping 
short at the “pessimum” point, increase the strength of the stimulating 
current still further, we obtain a second contraction, generally higher 
than the first one. It is a stimulation of this strength which must be 
used to obtain the tetanus which is to be inhibited by a “ pessimum ” 
stimulation of the other root, and the contraction which it causes is 
without doubt mainly due to a spread of the exciting current to the 
fibres coming from the other root. 

Having found a means of constantly obtaining the phenomenon, I 
applied it to the stimulation of the eighth root which according to 
Nicolaides and Dontas does not give an inhibitory effect (though 
they suggest that in rare cases inhibitory fibres may be present in this 
root), and found that here also the inhibitory effect can be produced 
with equal constancy. 

The following tracing shows the inhibitory effect of exciting the 
upper root which according to Nicolaides and Dontas contains no 
inhibitory fibres. 

In this and all other tracings the time marker marks seconds and 
the curves must be read from right to left. 


Fig. 1. 


The lower root was stimulated throughout by one coil, the distance 
between the coils being 103 mm., while the upper root was stimulated 
during the periods from A to B by another coil in which the distance 
between the coils was 140 mm. Each coil was driven by one Daniell 
cell. It will be seen that the relaxation while the latter current was 
applied was very nearly as great as the relaxation when all stimulation 
ceases at C. 
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That this result is not due to an abnormal distribution of the nerves 
in the animal used is shown by the tracing below. 

It was made immediately after the previous one with the same 
preparation, but in this case (as in the experiments of Nicolaides 
and Dontas) the tetanus is produced by stimulation of the upper 
root (coil 98) while the inhibition during the portions from A to B 
is caused by stimulation of the lower one (coil 93) As a general rule, 
however, it is not easy to demonstrate the phenomenon a second time 
with the roots reversed as in this case, because the strong currents 
required to produce a tetanus which is capable of being inhibited in 
this way so injure the particular root used that it cannot be sub- 
sequently excited so as itself to produce the inhibition. 


til 


Fig. 2. 


The explanation of the inhibition follows I think clearly from the 
method given above for its production. 

When such a strong current is applied to (for example) the eighth 
nerve, then all the nerve fibres which are directly stimulated will be 
paralysed and the muscle fibres which they supply will be practically 
relaxed. For the eighth nerve it is a pessimum stimulus, but for 
those fibres of the sciatic which proceed from the ninth nerve, and 
which are only stimulated by the spread of current from the eighth, 
it will be (if a suitable strength of current is employed) an optimum 
stimulus, which, like any other optimum stimulus, is capable of being 
inhibited by the “pessimum” stimulus which we proceed to apply to 
the ninth nerve by the other coil. 

To confirm this explanation of the facts observed I have applied 
currents of similar strength to the peroneal branch of the sciatic, so 
causing, by spread of current, a tetanic contraction of the gastro- 
cnemius. This tetanus may then easily be inhibited by the application 
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of a “ pessimum” stimulus to the sciatic trunk. In the tracing below, 
the tetanus was produced by stimulation of the peroneal nerve with the 
coil at 116 mm. and the relaxations from A to B in each case by 
stimulation of the sciatic (coil 112), | 


| Fig. 3. 

To avoid any danger of a reflex effect from the spinal cord the 
sciatic was cut through half-way down the thigh. 

Lest however there should be any nervous connection between the 
two nerves I have repeated the experiment, using a moist cotton thread 
in place of the peroneal nerve. In the following tracing such a 
thread was laid alongside the sciatic and “stimulated” by one coil 
(distance = 47) while the inhibitions from A to B were caused by 
stimulation of the sciatic by another coil (distance 170). This 
tracing shows particularly well the small teeth (Zacke) which 
Nicolaides and Dontas noticed in some of their curves during 
the inhibitory interval. They are probably due to some kind of 
interference between the two coils, as their frequency seems to depend 
on the ratio between the speeds of the two interrupters employed. 
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I think that these experiments show clearly that the phenomenon 
in question is only another special case of Wedensky’s original 
discovery. They also show the extreme care that is required in 
interpreting the results of stimulating the separate origins of nerve 
trunks or any short piece of nerve joining another. Though the 
fact that stimulation of a branch of a nerve with currents of moderate 
strength can cause contractions in muscles not supplied by the branch 


is, of course, not new, I think that the possibilities of such sources of 


error have been underestimated by many observers. 

Note on the Wedensky inhibition. No completely satisfactory 
explanation of this phenomenon has been given. That it is not due 
to electrotonic changes in the nerve trunk—a view which has been 
suggested—is I think shown by the following experiment. 

The upper end of the sciatic is placed on a pair of non-polarisable 
electrodes, while the middle of the nerve can be excited by metallic 
electrodes connected with an ordinary coil. By the non-polarisable 
electrodes the upper end of the nerve could be excited by a rapidly 
made and broken battery-current given by the apparatus described 
below (cp. Fig. 5). 


A, B, C and D are brass plates, eight rectangular and eight wedge- 
shaped, let into the surface of a fibre cylinder. Each plate is electrically 
connected to an insulated metal ring (A’, B, C, D) around the axis 
on which the whole revolves. Contacts are made on each ring and on 
the metal plates by six bryshes not shown in the sketch. The brushes 
in contact with the plates connected with the nerve and the other 
brushes with a battery. Thus, if the rings A’ and F are connected 
with one pole and C and D’ with the other, eight brief currents will be 
passed through the nerve in each revolution, all the currents being in 
the same direction. If on the other hand A’ and D’ are connected with 
one pole and B’ and with the other, then the eight currents will be 
passed through the nerve alternately in opposite directions. By moving 
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the brush in contact with the wedge-shaped plates C and D currents of 
varying duration may be employed. A counter is arranged to make 
a contact every hundred revolutions. 

With this apparatus it is easy to prove that a powerful inhibition 
may be obtained by the application of a current made and broken 
with sufficient frequency, while the same current if acting constantly 
upon the nerve is without any visible effect. 

In the tracing given in Fig. 6 the two tetanic contractions of the 
gastrocnemius registered were produced by faradisation of the sciatic by 
the metallic electrodes applied to the middle of the nerve. During the 
first (right hand) tetanus a constant descending current, of E. M. v. 
25 of a Daniell, was passed through the upper end of the nerve during 
the time marked by the depression of the signal. During the second 
tetanus a current of the same strength and in the same direction was 
applied, but was interrupted at a rate of about 200 times per second. 
It lasted for the period marked A to B on the curve, and produced the 
well-marked inhibition shown, The two depressions of the signal in 


the second tetanus show the time occupied by a hundred revolutions 
of the interrupter, and do not mark the application of the stimulus. 
In this experiment the interrupter was so arranged that the period 
during which the current was closed was equal to that during which it 
was open. 

The experiment shows clearly that the inhibitory effect which 
Wedensky discovered cannot possibly be due to electrotonus. 
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SUMMARY. 


1. The inhibition which Nicolaides and Dontas obtain by stimu- 
lation of the ninth spinal nerve of the frog can equally well be obtained 
by stimulation of the eighth. | 


2. In either case the nerve fibres of the root which appears to 
cause the contraction are in reality paralysed by the strong current 
used as in the well-known Wedensky effect. The contraction is 
actually due to a spread of current to the fibres of the other root, 
which in their turn are more or less paralysed by the additional 
stimulus applied to them, thus simulating a direct inhibition. 


3. That this is the source of the contraction is shown by the fact 
that currents of the strength necessary to bring about a contraction to 
de so inhibited, when applied to the peroneal branch of the excised 
sciatic, cause a powerful contraction of the attached gastrocnemius. 


4. That the Wedensky inhibition cannot be due to electrotonic 
action of the strong currents employed is shown by the fact that a 
constant current which is unable to affect the result of a tetanising 
stimulus applied to another part of the nerve will nevertheless bring 
about a marked inhibition if it is sufficiently frequently interrupted. 
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STRYCHNINE AND REFLEX INHIBITION OF 
SKELETAL MUSCLE. By C. S. SHERRINGTON. | 


(Physiology Laboratory, the University of Liverpool.) 


CONTENTS. 


I. Some features of the normal reflex. 

II. Features of the strychnine reflex. 

III. Relation between strychnine reflex and second or contraction-phase 
of normal reflex. 

IV. Chloroform, ether, 

V. Conclusions. 


THE reflex innervation of 8 skeletal muscles suffers under 
stryehnine a change which may be briefly described as a replacement 
of reflex inhibition by reflex excitation’, Those muscles which in the 
normal reflex relax, in result of strychnine instead of relaxing contract. 
The present observations have attempted to ascertain more precisely 
the course of this change. Fuller acquaintance with “successive induc- 
tion!“ as a sequence to inhibition seemed to offer opportunity for 
further insight into the modus operandi of the alkaloid. 


I. SOME FEATURES OF THE NORMAL REFLEX. 


The type-reflex chosen as suited for the enquiry has been the 
“ flexion-reflex” of the hind-limb (cat). The afferent nerve used in 
eliciting the reflex has been in most cases a branch of n. saphenus 
internug given off close below the knee, and in other instances the 
musculo-cutaneous division of n. peroneus. 

The reasons for choosing these nerves have been detailed already 
elsewhere“. Of the muscles reacting in the reflex (see list, Proc. Roy. 

1 Sherrington, Proc. Roy. Soc. B, uxxvi. p. 269, 1905; and for further discussion, 

and references, The Integrative Action of the Nervous System, p, 106, London 

and New York, 1906. 

s ee Proc. Roy. Soc. B, uxxvi. p. 160 and uxxvu. p. 478, and LX. 
p. 887. Also Integrative Action etc. p. 206. 

Proc. Roy. Soc. B, uxxv1. p. 269, and Integr. 4 ef the Ma Syst., (cit. supra). 
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Soc. B. LXXIX. p. 337) the one selected for the myograph in the present 
extensor observations has been vasto-crureus. This as regards the 
knee-joint is a pure extensor. Its preparation can be made without 
interference with its blood-supply or its attachments either bony or 
fascial; and at the same time all other muscles which act on the knee 
can be excluded from acting there by severance of their nerves or by 
exsection of their attachments. | 

For certain comparisons observations on the reflex as expressed by 
flexor muscles have been required. For this purpose the muscle chosen 
has been always semitendinosus. It has been attached to the myograph 
without reversing the sense of movement used in the observations on 
the extensor muscle, except in Fig. 5, where the sense is reversed. 

The femur is fixed by a clamp. The posture given to the limb 
is such that when vasto-crureus contracts, the leg below the knee is 
extended against either its own weight or the tension of a light spring. 
Relaxation of vasto-crureus of course allows the knee to flex under the 
weight of the leg or the tension of the spring. In. taking the graphic 
records the lever was so arranged as to rise in knee-extension, i.e. con- 
traction of vasto-crureus, and to fall in knee-flexion, ie. relaxation of 
vasto-crureus. A defect for some purposes in this reflex-preparation 
lies in the considerable weight of the parts affected by the movement. 
The whole of the limb below the knee moves under the action of the 
muscle studied; thus inertia tends to deform the movements especially 
if they are speedy. It may however be remembered that reflex move- 
ments are rarely very abrupt, and that the moving parts employed 
here are those which the muscle in its natural actions has to move, 
so that the movements observed are in a sense less different from the 
natural than they would be otherwise. 

In all cases the animal has been deeply narcotised with chloroform throughout the 
whole operation up to and inclusive of decerebration: after the decerebration the chloro. 
form administration has been relaxed. 7 

Before describing changes produced by strychnine some remarks 
are necessary regarding certain features of the normal reflex. The 
extensor muscles, eg. vasto-crureus, exhibit the inhibitory side of the 
“ flexion-reflex.” There occurs in them a reflex relaxation. This in- 
hibitory relaxation is quite invariable. But it forms only the first 
phase of their full normal reflex reaction, This phase of relaxation 
is due to a central inhibition which quells any centrifugal discharge 
that may be exciting or maintaining contraction in the muscle. The 


extent of this diminution of the central discharge and especially the 
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speed with which the diminution proceeds can be gauged by the 
amount and speed of relaxation of the muscle. Other things being 
equal, the stronger the external stimulus applied in exciting the reflex 
the more extensive and rapid is the resulting relaxation. With even 
moderate intensity of stimulation however the relaxation proceeds to 
extreme limits if the stimulus be not soon cut short. The extent 
to which the muscle relaxes depends also therefore on the duration 
of the stimulus, and especially so with stimuli of weak intensity. A 
further factor in the amplitude of the relaxation is the degree of 
contraction obtaining in the muscle at the time of commencement 
of the stimulus. 

This first or inhibitory phase of the reflex remains under certain 
conditions the only one to appear both to inspection and in graphic 
records (Fig. 1). The reflex is then monophasic. 

The reflex tends to be monophasic when the stimulus is very weak, 
also when the stimulus though not very weak is quite brief. It is 
also prone to remain monophasic when spinal reactions are depressed 
as in “shock” or in narcosis, or under prolonged deficiency of respiratory 
ventilation. It is much more apt to be monophasic after spinal 
transection than after midbrain transection. Further, when the 
external stimulus persists beyond a certain favourable length of dura- 
tion the reflex is likely to be monophasic. 

But when the above adverse conditions are avoided the reflex 
exhibited by the extensor muscle, eg. vasto-crureus, has a second phase 
following on the first. The second phase is expressed by contraction 
(Figs. 2 and 3), The first phase lasts as long as the application of 
the external stimulus continues. The contraction-phase ensues on 
cessation of the external stimulus. It follows the cessation at an 
interval varying in my observations from 90¢ upwards. 

As mentioned above it may be difficult during the period of spinal 
shock following transection of the cord to get evidence of the contrac- 
tion-phase. Usually however stimulation of a nerve of the crossed 
hind-limb will under those circumstances provoke contraction of 
vasto-crureus (“crossed extension reflex” of Freusberg), and on then 
eliciting the ipselateral “ flexion-reflex this latter will, if examined in 
an extensor muscle, appear in the full diphasic form. 

In view of a possible relation of the contraction-phase to the 
strychnine reflex certain details of its character have to be examined. 
Firstly, it varies in amplitude and duration in different instances, In 
it the muscle may contract less than it was contracting before the 
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inhibitory phase set in; it may return to about the same degree of 
contraetion which it had before; or it may contract to greater and even 
much greater extent. than it was showing before outset of the reflex. 


188 


Fig. 1. x4 (linear), ‘Vastocrureus muscle. 
Fig. 2. „. Vastocrureus muscle. 
Fig. 8. x4. Vastocrureus muscle. 


All the records read from left to right; in all the time is marked in fifths of seconds. 
The duration of the stimulus when series of induction shocks were used is recorded bya 
signal lever below. When single induction shocks were used the signal below marks the 
moment of opening of the primary circuit. Flexion of knee is marked by descent of the : 
myograph lever; in vasto-crwreus (extensor) preparations this descent signifies relaxation 7 
of the muscle; in semitendinosus (flexor) preparations, e. 9. Figs. 98, 113, the descent ; 
signifies contraction of the muscle. Ascent of the myograph lever means of course in both ee 
cases the converse. In one figure only, ae 0 
does ascent of the myograph lever signify flexion. 8 

The reduction given is the linear reduction. | 
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In duration it varies from a brief spasm to a prolonged tetanus lasting 
many seconds. In my present records I find it has varied between 
8 sec. at shortest and about 15 secs. at longest, eg. Fig. 13. For the 
present purpose its forms may perhaps be sufficiently considered under 
the types shown by Figs. 2, 6 a and 3. 

In the first (Fig. 2) of these the contraction-phase follows a relaxa- 
tion of considerable amplitude and reaches a height much exceeding 
that of the contraction obtaining in the muscle prior to the onset of 
the inhibitory phase. Though intense, it does not last long and the 
muscle soon returns to the relaxed state secured for it by the inhibitory 
phase. In the example, Fig. 6 A, the amplitude of the relaxation of 
the inhibitory phase is not great, nevertheless the after-coming con- 
traction is great and exceeds in degree, though not in duration, that 
existent prior to the inhibition. The contraction-phase as in the 

vious example does not last long, and after it the muscle elongates 

in to a length about the same as that it assumed in the inhibitory 
phase. In the third example, Fig. 3, the lengthening of the muscle 
in the inhibitory phase of the reflex is barely obvious. The external 
stimulus would appear so far to be almost without result. Yet on 
cessation of the external stimulus a contraction-phase ensues which 
in intensity and duration is at least as great as that ensuing in the 
two previous types of the reaction. Again, this contraction subsides 
fairly quickly and the muscle resumes finally the length it had before 
the occurrence of the reflex. 

The differences thus apparent in the several reflexes are largely 
traceable to differences of contraction-degree in the muscle at the 
moment of first onset of each reflex. In the type illustrated by Fig. 3, 
the muscle is already fairly elongated at the time when the reflex 
sets in. On the other hand, in the type illustrated by Fig. 2 the grade 
of tonic contraction of the muscle at the moment when the reflex 
reaction first begins is considerable. The type shown in Fig. 3 might 
not at first glance appear to be diphasic at all. But viewed in the 
light of Figs. 6 A and 2 little doubt can exist that it is as truly diphasic 
as are they. All intermediate stages can be found connecting it 
with them. Comparison of the three types of reaction one with 
another reveals that the contraction-phase of the reflex is not con- 
ditioned by the antecurrent process of relaxation in the muscle ; there 
is no proportion between the antecurrent lengthening of the muscle 
and the ensuing contraction-phase. To test this further I applied 
electrical stimuli to the intact nerve of the muscle itself, the vasto- 


& 
a 
4 
7 
0 
8 
2 
? 
— ‘ * 


190 C. S. SHERRINGTON. 


crureus nerve. This nerve besides its efferent fibres has many afferent’. 
1 have shown that the reflex evoked by stimulating electrically the 
central ends of these afferent fibres appears in the vasto-crureus muscle 
itself as inhibitory relaxation’. These afferent fibres when electrically 
stimulated evoke in fact the flexion-reflex,” in which this muscle in 

on with other extensors is relaxed by reflex inhibition. But the 
intAbitory relaxation is, as just shown, only the first phase of the reflex ; 
it is followed under favourable circumstances by the second or contrac- 
‘tion-phase. The result of the stimulus, ¢g. a single break shock, 
applied to the whole intact afferent-efferent nerve of the muscle is 
therefore a twitch-contraction followed by a slower contraction more 
or less disjoined from the twitch (Fig. 13). The twitch-contraction 
due to the direct excitation of the motor fibres of the nerve more than 
cancels in the muscle the reflex inhibitory relaxation which is the first 
phase of the reflex. In the myogram therefore no evidence of the 
first or inhibition- phase of the reflex appears. Instead of it there is 
the strong contraction caused by the direct excitation of the motor 
fibres, But though the muscle therefore in the period of the first 
phase of the reflex contracts instead of relaxing, the second or con- 
traction-phase of the true reflex ensues as usual as the myogram shows 
(Fig. 13). The degree of contraction in the contraction-phase is not 
great, but that is not remarkable because the brevity of the stimulus 
employed is against great development of the contraction-phase, The 
point of interest is that a true second or contraction-phase of the reflex 
develops although there has been not only no relaxation of the muscle 
but actually strong contraction in its stead. The observation seems to 
eliminate conclusively the mechanical relaxation of the muscle in 
the first phase of the reflex from the factors possibly responsible 
for the subsequent second or contraction-phase. This is important 
because there is thus excluded for the contraction-phase a reflex 
origination—at least in these experiments—by stimulation of proprio- 
ceptive end-organs in the muscle or accessory structures (tendons, joint, 
ligaments, ete.). Such end- organs might possibly be stimulated by the 
movement of relaxation and the contraction-phase be the expression of 
a reflex excited by them. Further, the posture of the knee at the 
moment of excitation of the reflex is by the above observations also 
excluded as a factor materially affecting the course of the reflex reaction. 
The interesting observations of v. Uexküll on Ophiurus, et, favour 


1 Sherrington, This Journal, æyn p. 211 Proc. Roy. Soc. B, uxxtx. 
Roy. Soc. p. 337 
* Seitechr. f. Biol. xvn. 381; Ergebn. d. Physiol. 8 Jahrg. U. p. 1. 
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an expectation that initial posture of the limb might largely influence 
the sense of the reflex reaction, and I have myself observed an influence 
of the kind in certain reflexes in the frog and mammals'. But initial 
posture does not alter the reflex under consideration; if the influence 
exists here it is too feeble to change the sense of the reflex movement : 
but of course the inhibitory relaxation is most apparent when the 
initial posture is extension, and the contraction is most apparent when 
the initial posture is flexion. 

Comparison of the several types of the reflex illustrated by Figs. 2, 
6 A, 3 and 13, makes it evident therefore that mechanical effects of the 


first phase of the reflex on the muscle are not responsible for the second 


or contraction-phase, either reflexly or directly. But this does not in- 
validate the presumption that the contraction-phase is conditioned by 
the central inhibition precurrent to it. Whether the mechanical 
condition of the muscle at the time of application of the external 
stimulus allows the muscle to lengthen obviously or whether it does not, 
there is ample evidence that a state of central inhibition does in reality 
in all cases occur as the first phase of the reflex reaction. Central 
inhibition of a reflex arc may be unattended by obvious lengthening 
of muscles whose motoneurones the inhibition affects’, The test of 
stimulation of the reflex arc may have to be applied in order to reveal 
the state of inhibition. The inhibition may then show itself in failure 
of the stimulus to excite reflex contraction in the muscles innervated . 
by the arc, This is the case in the example Fig. 3. The stimulus 
appears to fail to produce obvious result, but it is in fact producing 
and maintaining inhibition. On its cessation excitation of the arc and 
contraction of the muscle immediately set in. Cessation of the external 
stimulus, or possibly also its sudden reduction to below or near 
threshold intensity, is a conditio sine qua non for the appearance of the 
contraction. This strengthens the presumption that the contraction 
phase of the reflex is the expression of a central nervous rebound from 
precurrent central inhibition invariably characterising the first phase of 
the reflex. Against this there is, so far as I see, one difficulty only ; 
it is that under certain circumstances a shorter inhibitory stimulus 
appears to be followed by a rebound whereas a longer of like intensity 
is not so followed or is followed by a less rebound. But the exact 
nature of the conditions under which this happens are not yet suffi- 
ciently clear for it to have full weight — what appears otherwise 
a natural supposition. 

1 Proc. Roy. Soc. uxvt. p. 66. 2 Integrative Action eto. p. 136. 
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That the reflex remains monophasic in the circumstances mentioned 
on p. 187, indicates that for the excitatory rebound to become obvious— 
at Mast as 9 perceptible contraction of the muscle—the precurrent 
inhibition must be of more than minimal degree and the reflex centres 


not seriously depressed by deep narcosis, spinal shock, etc. 


II. FEATURES OF THE STRYCHNINE REFLEX. 


The effect of strychnine upon the reflex monophasic or diphasic is 
striking. It is evident even when the dose administered is very small. 
The reflex Fig. 44 was the response to a single break-shock given to 
test the reflex half a minute before a small dose of strychnine hydro- 
chloride, The dose was 08 milligram per kilogramme of body weight 
injected into vena saphena of the opposite limb. Two minutes later the 
reflex Fig. 4B was the response obtained from a repetition of the 
previous stimulus. The stimulus was of much less than maximal 
intensity. 

A B 


Fig. 4. . A. Vastocrureus muscle. B. ———— 
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One often meets the statement! that to elicit a spinal reflex by a single induction is 
difficult and requires a shock of great intensity. My own experience is contrary to this in 
regard to several mammalian reflexes. The ‘‘scratch-reflex” certainly is most difficult to 
evoke by a single induction shock however strong*. But the “ flexion-reflex” can be elicited 
very easily by that form of stimulus’, applied either to an afferent nerve or to the skin of 
the appropriate receptive region. Single break or make shocks much too weak to be felt 
when applied to the observer’s tongue easily evoke this reflex in the spinal or bulbo-spinal 
animal, Figs. 44 and 48 exemplify this. It might be urged that these examples are 
hardly to the point because 44 is an inhibitory reflex, and 4 5 is under strychnine. 
Strychnine does tend to make reflexes more easily provocable, but the lowering of threshold 
in the grade of poisoning here dealt with is slight, often imperceptible. As to the 
inhibitory reflex being easier to elicit than its converse the ordinary excitatory, so far as 
my observations go the threshold is very nearly if not exactly the same for both. More- 
over, Fig. 5, to be discussed later, is an example of the excitatory reflex (contraction of 
semitendinosus) evoked by a single break-shock of low intensity. 

To ensure as far as possible the equality of the stimuli (Figs. 4 4, 
4B) applied before and after the dose of strychnine the positions of the 
electrodes and secondary coil remained untouched ; a pendulum key was 
used for opening the primary circuit, and the secondary circuit contained 
a resistance box of 100,000 ohms. The external stimuli eliciting reflexes 
Figs. 44 and 4B may therefore be taken as identical. But the difference 
between their effects is profound. The reflex prior to the dose of 
strychnine is of the normal type, as evoked by a single submaximal 
induced current of moderate intensity. The muscle undergoes a smart 
and fairly ample relaxation and thereafter remains at the new grade of 
elongation so given it. There follows on the phase of inhibition no 
phase of contraction. That the reflex is monophasic is explicable by 
the brevity and low intensity of the stimulus. 3 

But the strychnine reflex (Fig. 4 B) shows no trace of inhibitory 
phase. In it the muscle at once contracts. The contraction is of 
moderate amplitude and is brief; on its subsidence the muscle is left 
with the same length as prior to the onset of the reflex. The strychnine 
reflex is fairly exactly the converse of the reflex before strychnine. 
Though as mentioned care was taken that the external stimuli in the 
two cases should be as far as possible identical, it must not be supposed 
that any alteration of the stimulus in intensity, duration, etc. could 
change the normal reflex in the way shown by the strychnine reflex. 


1 E.g. C. Eckhard, Hermann's Handb. d. Physiol. u. Abth. . p. 81, 1879; 
O. Langendorff, Nagel’s Handb. d. Physiol. d. Menschen, tv. Abth. 1. p. 241, 1904. 

2 Sherrington, Proc. Physiol. Soc. xvu. This Journ. xxxI. 1904, and this Journ. 
xxxIv. p. 19, 1906. 

* Sherrington, Proc. Roy. Soc. B, LxXVI. p. 269; Integrat. Act. of the Nerv. Syst. 
p. 91. Brit. Ass. Reports, Leicester, 1907. 
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Alterations in intensity, ete. of external stimulus leave the characters of 
the normal reflex unchanged excépt as to mere accentuation of ampli- 
tude and duration. Any reversal by such means of the sense of the 
reaction my experience uniformly denies. 

The strychnine reflex (Fig. 4B) given by the vasto-crureus (extensor 
muscle), though the converse of that given normally by the extensor 
muscle, resembles closely, if not exactly, the reflex given normally by 
that muscle’s antagonist under the same reflex stimulus applied to the 
same afferent nerve, but without strychnine. As shown previously’ 
the flexion-reflex of the limb is a reflex of simultaneous double sign 
(+ reflex), and the flexor muscles express the + sign and exhibit 
contraction. Fig. 5 is a record of the normal (unstrychnised) reflex of 
semitendinosus (flexor) elicited by a moderate break-shock like that 
employed for reflexes Figs. 44 and 48, applied to the same afferent 
nerve in the same way. The general similarity of the strychnine reflex 
of the extensor (Fig. 48) to the normal reflex of the flexor (Fig. 5) is 
obvious from the figures. i » 

It is noteworthy that nothing in the form of the myogram of the 
strychnised extensor reflex suggests abnormality were one not aware 
that the sense of the reflex is diametrically the opposite of the normal. 
The small dose of strychnine administered often causes no convulsive 
symptoms. The observation emphasises the 
danger of employing strychnine, even in 
minute dose, for study of the normal actions 
of the reflex arcs. 

Turning now to stimuli longer and more 
complex than the single induction shock, the 
reflex shown in Fig. 64, already partly 
discussed, resulted from a brief faradic 
stimulus of moderate intensity applied as 
a test to the reflex-preparation half a minute 
before a dose of strychnine. In this parti- 
cular instance the quantity injected was 
25 milligram, the animal weighing 3°1 kilos. 
The reflex elicited by a similar stimulus 
three minutes after the dose is shown in 
Fig. 68. For these stimulations. the inter- . 
ruptions of the primary circuit were operated „„ 
by a vibrating magnet beating 30 per sec. Position of electrodes and 

* Sherrington, Proc. Roy. Soc. LII. p. 556. 
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secondary coil remained the same throughout. But the opening and 
closing of the key short-circuiting the secondary circuit were made by 
hand and the stimulation has lasted longer for the reflex of Fig. 68 than 
for that of Fig. 64. This however hardly obscures comparison between 
them. The reflex of Fig. 6B reverses the normal reflex, Fig. 6 A, in 
almost every feature. The reflex Fig. 6B instead of showing an opening 
phase of inhibitory relaxation exhibits the muscle entering into con- 


A B 


Fig. 6. x4. A. Vastocrureus muscle, B. Vastocrureus muscle. 


traction at once. Instead of inhibitory relaxation being maintained 
during the continuance of the external stimulus contraction is main- 
tained throughout that period. On cessation of the external stimulus 
instead of the muscle’s entering into contraction it relaxes and fairly 
rapidly regains the length it registered prior to the application of the 
stimulus. The strychnine reflex is — the complete converse of 
the normal reflex. 
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This change of inhibitory effect into excitatory occurs sufficiently 
rapidly to make difficult the observing of transitional states intermediate 
between the normal and its opposite. Yet certain points in the 
sequence of change seem clear. One is that the replacoment of the 
normal inhibition by the abnormal contraction is earlier apparent under 
weak stimulation than under strong. A weak stimulus elicits a typical 
strychnine reflex at a time when the preparation still produces a 
seemingly normal diphasic reflex if the stimulus be strong, In this 
stage the mechanical stimulus of drawing tight a ligature round the 
afferent nerve likewise evokes either the normal reflex effect or the 
strychnine reflex effect according as the tightening is gradual! or sudden; 
the latter evokes the strychnine- reflex.“ 


A B Cc 


Fig. 7. g. A. Vastocrureus muscle. B. Vastocrureus 
Vastocrureus muscle. 

A transitional form of reaction sometimes detectable is that im- 
mediately (i e. in the first minute) after the dose of strychnine, the reflex 
elicited has the form of a brief twiteh- like contraction followed by weak 
hesitant relaxation; this relaxation lasts during the continuance of the 
stimulus and is usually not succeeded by any contraction-phase on 
cessation of the external stimulus. Evidence of the same kind of 
transition is obtainable in the reflexes from momentary stimuli, Fig. 7 
shows the three reflexes obtained in succession from three similar break- 
shocks, the first delivered half a minute before a small dose (09 mgm. 
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stryc. hydrochl. per kilo. body weight) of strychnine, the second one 
minute after the dose, the third two minutes after the dose. 

_ Strychnine-reflexes have the property of temporarily soon exhausting 
the reflex ares. After severe strychnine-reflexes the arcs may for a 
time remain irresponsive to external stimuli. This depression gradually 
passes and the reflexes: become again elicitable at first as weak, later as 


Fig. 8. . . Vastocrureus muscle. Fig. 9. „. A. Vastocrureus muscle. 
B. Semitendinosus muscle. 


stronger, reactions. Finally they usually reacquire the typical characters 
of strychnisation. In the early portions of these periods of depression the 
vasto-crureus reflex exhibits once more the inhibitory phase it had lost 
under strychnisation. Later, as depression is recovered from, the 
influence of the strychnine reasserts itself in reversal of the reflex from 
normal inhibition to the strychnine type. In these periods of pro- 
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gressive change a variant not rarely met with in the reflex-form is 
shown in Fig. 8. The reflex opens with a brief contraction of much 
intensity, and this is followed by a very slight tremulant contraction 
maintained thronghout the remainder of the duration of the stimulus; on 
cessation of the stimulus there is no rebound phase of contraction. Later 
the reflex tends to assume a form illustrated by example Fig. 9a. After the 
initial rapid and full contraction the contracted state is fairly maintained, 
and subsides only on cessation of the stimulus, but shows a slightly clonic 
character throughout. Here it might be thought that the shape of the 
curve owing to its abrupt onset and want of smoothness was obviously 
abnormal. It is, it is true, for the extensor muscle a complete departure 
from the norma! reflex, since it is contraction instead of relaxation; but 
if compared with the reflex of the flexor (semitendinosus) excited 
from the same afferent nerve and in the same way and except for 
strychnine under like conditions, its characters closely follow those 
normally given by the flexor muscle. Fig. 9 B shows the reflex given by 
the flexor muscle; comparison of this with Fig. 94 illustrates the 
resemblance between the two. The mere shape of the contraction curve 
in Fig. 9 4 cannot therefore be taken as pathognomonic of strychnine. 
But the effect of the reflex Fig. 9 B is of course flexion at knee, whereas 
the effect of the strychnine reflex (Fig. 9 A) is of course extension at 
knee, 


III. RELATION BETWEEN STRYCHNINE REFLEX AND SECOND 
OR CONTRACTION-PHASE OF THE NORMAL REFLEX. 


The existence of a second or contraction-phase in the normal reflex 
of the extensor naturally suggests the possibility that the reflex con- 
traction (of the extensor) under strychnine may be simply a shifting 
forward, an antedating, of the normal contraction-phase so that this falls 
within the period of application of the external stimulus. The contraction- 
phase of the normal reflex bas been explained as the expression of a 
central rebound from inhibition to excitation. The alkaloid might so 
increase the tendency to_rebound—that the rebound set in much earlier 
than usual. I find that strychnine does in the milder stages of its action 
favour the rebound and bring it on earlier. On the whole, however, 
examination of the strychnine effect brings little evidence in support of 
the strychnine contraction being in most cases anything equivalent to 
the normal reflex’s contraction-phase due to rebound but. antedated. 
There are great difficulties in the way of such a view. 
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In the first place, taking the reflexes elicited by single momentary 
stimuli (make or break shock), the normal reflex (Fig. 4 4) compared 
with the strychnine reflex (Fig. 4 f) shows with the strength of stimulus 
employed no rebound contraction at all. To make a rebound contraction 
account in such cases as this for the strychnine reflex (e.g. Fig. 4B) one 
must suppose that the strychnine produced a rebound where none 
occurred normally. It could do this only by enabling the moderate 
break-shock actually employed to act as would a very much stronger 
break-shock. To produce a rebound contraction a stimulus so brief 
must in my experience be very strong. Moreover, the reflex elicited 
by a very strong single shock exhibits rebound contraction in a manner 
essentially differing from the form of the strychnine reflex (Fig. 4 5) The 
rebound contraction of the reflex, Fig. 10, elicited in an unstrychnised 
preparation by a strong break-shock, follows a period of inhibitory 
relaxation, and of this inhibitory phase there is no trace in the strychnine 
reflex. 


Fig. 10. x}. ‘Vastocrureus muscle. 


Turning to stimuli more prolonged and complex, eg. faradic, the 
strychnine reflex, even in its mildest form, opens with contraction. 
The contraction is not closely like a rebound contraction; its speed of 
ascent and descent is greater. It is frequently so brief as to be twitch- 
like in the form of its myogram; this the true rebound contraction is 
very rarely or never. 

The strychnine reflex often exhibits towards the latter part of the 
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duration of a faradic stimulus applied for a full second or somewhat 
longer an increase of contraction (Fig. 114). Here the augmentation 
might be taken fora rebound contraction. But in these cases the increase 
of contraction is found to occur before cessation of the external stimulus. 


A 


Fig. 11. x }. A. Vastocrureus muscle. B. Semitendinous muscle. 


This is easily verified in Fig. 11 A. The increase cannot ere be 
regarded as equivalent truly to the rebound contraction of the normal 
reflex, since cessation of the external stimulus is an essential condition 
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for that rebound. Moreover the form of reflex contraction exhibiting 
late increase of contraction under continuance of the stimulus, though 
frequently met with in the abnormal vasto-crwreus (and other extensors) 
of the strychnised preparation, finds frequent counterpart in the 
normal reflex of semitendinosus (Fig. 118) (and other flexors), and in 
this latter, i.e. semitendinosus, the contraction cannot be a rebound con- 
traction since no inhibition has preceded it. Indeed comparison of 
Fig. 11 A with Fig. 11 8 illustrates once more the resemblance between 
the abnormal reflex of the extensor under strychnine and the normal 
reflex of the flexor, its antagonist, without strychnine. 

If the strychnine contraction were really the second or contraction- 
phase of the normal reflex brought on earlier owing to a favouring by 
strychnine of the rebound one might expect the strychnine reflex to 
show accentuation of contraction immediately after cessation of the 
external stimulus. On the contrary, in the strychnine reflex on cessation 
of the external stimulus the contraction also ceases, Fig. 6 B. 


Fig. 12. „. Vastocrureus muscle. 


I have, though rarely, met instances in which under strychnine the reflex contraction 
further on cessation of the external stimulus. But here the rebound contrac- 

tion, if such it were, did not seem to be a continuation of the pre-existent contraction as 
would be expected of it had the contraction already in progress been itself ‘the rebound 
contraction commencing abnormally early. The strychnine contraction already excited 
partially subsided before the rebound contraction set in, Fig. 12. Indeed the contraction 
in this strychnine reflex resembles closely the contraction obtained when the whole vasto- 
crureus nerve with both its afferent and efferent fibres still connected with the spinal cord 
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is excited by a single induction shock, Fig. 18. In the reaction evoked by stimulation of 
the whole nerve the initial phase (inhibition-relaxation) of the reflex is not exhibited by 
the muscle because counteracted by the contraction twitch evoked by the motor fibres. But 
when that contraction has passed the second phase (reflex rebound contraction) of the 
reflex characteristically appears, Fig. 13. The initial phase of contraction in the reaction 
Fig. 18 certainly cannot be any part of the rebound contraction-phase. The initial phase 
of contraction in the strychnine reflex Fig. 12 seems from the myogram to be as separate 
from the after-phase resembling rebound contraction as is the initial contraction of 
Fig. 18. 


Finally, if the contraction excited immediately in the strychnine 
reflex is truly equivalent to the rebound contraction of the normal 
reflex, where is the precurrent phase of inhibition to which it is a 
rebound ? 


Fig. 18. „. Vastocrureus muscle. 


On the other hand, if we suppose that in some manner unknown to 
us strychnine changes in these reflexes the normal process of inhibition, 
whatever that may be, into the reverse process of excitation, the de- 
partures of the strychnine reflex from the normal reflex become 
accountable. The first, ie. inhibitory, phase of the reflex becomes on 
that supposition a phase of excitation (de. in the muscle, contraction) 


as in fact it is; and the second phase, i. e. that of rebound excitation, 
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would on that supposition not appear because there has been no 
precurrent inhibition to induce it, and, as shown, in the strychnine 
reflex it does not appear. 


IV. CHLoRoForM, ETHER AND REFLEX REVERSAL BY STRYCBNINE. 


The known antagonism between chloroform and strychnine is 
well seen in regard to the strychnine reversal of reflex inhibition 
into reflex excitation. When the reversal has been fully effected 
slight further administration of chloroform to the spinal animal quickly 
restores the reflex inhibition. On remitting the chloroform the reaction 
characteristic of strychnine reappears. This conversion and reconversion 
can be repeated a number of times. When the reflex prior to the 
administration of the strychnine has been diphasic, chloroform inhalation 
after the strychnine restores it from the monophasic strychnine form 
with the single sign + to the diphasic form —+; if pushed further the 
chloroform makes the reflex monophasic with the single sign —. Pushed 
further still the chloroform temporarily abolishes the retlex altogether. 
Ether has the same effect as chloroform but exerts it less quickly and 
less powerfully. 


V. CONCLUSIONS. 


1. The “ flexion reflex” of the leg is a reflex of simultaneous double 
sign (+ reflex), reflex excitation (+) being exhibited by the flexor muscles, 
reflex inhibition (—) by the extensor muscles, Further, in the extensor 
muscles, e. g. vasto-crureus, the reflex is found to be a reflex of successive 
double sign, the sequence being inhibition-excitation (— +). The 
inhibition phase obtains throughout the duration of the stimulation of 
the afferent nerve, and the excitation phase ensues on cessation of the 
external stimulus, The extensor part of the “flexion reflex” is therefore 
diphasic, reflex relaxation of the extensor muscle being followed by 
reflex contraction. If however the external stimulus be quite weak or 
the experimental conditions unfavourable to reflex reactions the second 
phase remains in abeyance or at least is not obvious. 


Strychnine even in small dose changes the extensor part of the 
“ flexion reflex” in such a way that the inhibitory phase is reversed to 
an excitatory; the normal second or rebound contraction-phase of the 
reflex is suppressed. Under strychnine therefore the reflex becomes 


monophasic with + as its single sign. 
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2. This change effected by strychnine does not appear due to an 
equivalent of the normal second phase of the reflex becoming antedated 
by the strychnine so as to obscure or take the place of the normal first 
phase. The normal second phase seems to be the expression of a central 
excitation due to a rebound (successive induction) from the state of 
central inhibition previously obtaining in the arc during the first phase 
of the reflex. That the second phase characterising the normal reflex 
does not appear in the strychnine reflex seems explicable by the drug’s 
suppressing the first (the oe phase of which the second phase 


is a consequence. 
4. The extensor part of the “ flexion reflex ” comes therefore under 


strychnine to resemble, instead of being the converse of, the flexor part 
of the reflex. The normal coordination is thus completely destroyed. 


5. Chloroform and ether administered after the change effected by 
strychnine quickly restore reflex inhibition. If the narcosis be then 
pushed the vasto-crwreus reflex becomes monophasic with minus as its 
single sign; if the narcosis be remitted the change induced by strychnine 
returns, and reflex inhibition is once more replaced by reflex excitation. 
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CONTRIBUTIONS TO THE PHYSIOLOGY OF THE 
ISOLATED HEART. The Consumption of Dextrose 
by Mammalian Cardiac Muscle. By F. S. LOCKE anp 
O. ROSENHEIM. 


(From the Physiological Laboratory, King's College, London.) 


TWELVE years ago one of us observed that dextrose had a marked 
influence in improving and sustaining the action of the isolated frog’s 
heart perfused with a Ringer's solution, made with water free from 
traces of heavy metals. It was later found that the same beneficial and 
sustaining effect of dextrose was easily demonstrable in the case of the 
isolated mammalian (rabbit's) heart perfused with a suitable owygenated 
Ringer's solution at a physiological temperature. A similar effect to 
that of dextrose was not produced by any other of the numerous sugars 
investigated with the exception of laevulose, the effect of which was of 
the same kind but much less marked*. It is thus rendered extremely 
probable that the action of dextrose in these experiments is a physio- 
logical one, of a nutritive character, and of the same nature as that 
exercised by the dextrose in the blood on the heart of the intact organism. 
This conclusion would obviously be materially strengthened if it were 
possible to show an actual disappearance of dextrose when perfused 
through the heart. The detailed results of our work in this direction 
are given in this paper“. 

Method. There could be no hope of demonstrating a consumption 
of dextrose by the cardiac muscle if the solution containing it were only 
perfused once through the heart. It was therefore necessary to devise a 
method in which a relatively small quantity of a saline solution of dextrose 
could be made to circulate repeatedly through the organ. It is obviously 

1 F. S. Locke. This Journal, XVII. pp. 319 and 332. 1895. 

2 F. 8. Locke. Centralbl. f. Physiol. Xv. p. 670. 1901. Proceedings of the Physio- 
logical Society, March 19. 1904. F. S. Locke and O. Rosenheim. Ibid. (This Journal, 
XXXI. p. xiii. et seq.) 

* A preliminary communication on the subject of this paper was made to the Physio- 
logical Society on March 19, 1904 (loc. cit.). 
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a great convenience for accurate work that this circulation should be 
effected by an apparatus capable of working automatically and continu- 
ously for many hours. The energy available in the compressed oxygen 
used for oxygenation of the perfusion fluid was taken advantage of for 
this purpose with complete success in the following way (see figure). 
A method similar in principle has in recent years been employed indus- 
trially on the large scale for raising water by means of compressed air 
from deep wells. 

From the reservoir C the perfusion fluid flows to the heart through 
the worm by virtue of its hydrostatic pressure, and after passing through 
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the aorta and coronary vessels falls into the cylindrical funnel H sur- 
rounding the heart, thence flowing down the vertical tube 4 (“fall-tube”) 
attached to its lower end. The fall-tube has a bore of 9—10 mm. in order 
that the passage of liquid down it may not be impeded by gas-bubbles. 
The perfusion fluid then passes through a horizontal junction-tube to the 
“oxygen-pump” O, in which oxygen gas is injected into it through a 
glass jet in a slow and steady stream of bubbles. These raise the fluid 
in the form of a succession of short columns of varying length in the 
“Jift-tube” (B) of 7 mm. bore. This is bent twice at a right angle at its 
upper end and passing through a cork ends below the surface of the 
fluid in the reservoir O, into which the mixture of oxygen and fluid is 
delivered. The level of fluid in the reservoir is thus maintained con- 
stant, while the oxygen bubbles up through it and escapes into the open 
air through a simple bafflehead D. The construction of the oxygen- 
pump is shown separately on a larger scale in the figure. 


Some centimetres above the junction-piece K, the bore of the commencing lift-tube is 
constricted from 7 mm. to about 3 mm. and ending at or just below the level of greatest 
constriction, is the oxygen jet (J), 1 mm. in internal diameter, fixed into the lower end of 
the lift-tube by means of a collar of rubber tubing between the two!. At the lower end 
of the fall-tube is a side-branch closed by a screw-clip, serving to empty the system 
when required. 

The depth of fall from the lower end of the cylindrical funnel H to the junction-piece 
is 65—700m. The height of lift from the junction-piece to the level of the fluid in 
reservoir C is 115—120cm. The fluid rises less high in the fall-tube the more efficiently 
the pump is working. 

The oxygen passes on its way from the cylinder through a Woulff’s bottle containing 
water acting as a wash-bottle in order to lessen the loss of water by evaporation from the 
perfusion fluid during the course of the experiment. Between the Woulff’s bottle and 
pump, a glass valve, to prevent accidental reflux of fluid, is introduced. In its course 
from the reservoir to the heart the perfusion fluid flows through a glass wool filter F. The 
glass worm is contained in a water-bath of copper. This is maintained at an approxi- 
mately constant temperature, by means of a solid copper rod soldered into it, 1 cm. in 
diameter, heated by a Bunsen burner. This is fixed in the open lower end of a cylindrical 
brass chimney transfixed by the rod and sliding easily upon it. By adjustment of the 
distance of the burner from the bath a very delicate and convenient regulation of the 
temperature of the latter is effected“. 

The cannula connecting the heart with the lower end of the worm is a straight tube, 
8 mm. in diameter, which passes through a thin paraffined cork, closing the cylindrical 
funnel containing the heart. A bye-pass to the cannula also passing through this cork 


1 We have found more recently that the simple form of filter-pump described by Bulk, 
which can be obtained from most dealers in chemical apparatus, works very well as an 
oxygen-pump. To adapt it for this purpose it is only necessary to cut off its lower 
end and invert it. 

2 This method of heat regulation was demonstrated by one of us (F. S. L.) at the 
Turin Physiological Congress of 1901. 
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enables accumulated gas- bubbles to be got rid of when necessary without loss of perfusion 
fluid l. 

Before commencing the circulation of the sugar solution, it is necessary 
to wash the heart as nearly as possible free from blood. This is effected 
first by passing the freshly excised heart before its attachment to the 
cannula through three dishes of tapwater saline under gentlest manipu- 
lation with the finger-tips, and afterwards by perfusing oxygenated 
sugar-free Ringer's solution contained in a second aspirating bottle (not 
shown in figure) conhected by means of a T-piece with the tube joining 
the reservoir O and the worm. 

This preliminary perfusion of the heart was continued usually for 
10 to 15 minutes, during which from 200 c.c, to 300 c.c. of solution were 
perfused, the funnel H being replaced by another, through which 
the solution ran to waste. While this was going on, 100 c.c. to 
250 c.c. of Ringer's solution containing in different experiments from 
about 0°1 to 025% of dextrose were introduced into the reservoir C, and 
before the circulation of this was begun the funnel H was replaced. 
The composition of the modified Ringer’s solution used was: NaCl, 
09°/,; KCl, 0°042°/,; CaCl,, 0024°/, (calculated as anhydrous) ; 
NaHCO,, 0°02°/,. The water employed was distilled in glass. The 
NaHCO, is only added to the stock solution of the remaining con- 


stituents at the beginning of the experiment, in order to postpone the 


slight and very gradual precipitation of CaCO, which occurs. The 
dextrose was always freshly dissolved. 

From time to time during the course of the experiment the quality 
of the heart-beat was observed, its rate counted, and the relative rate of 
perfusion estimated by counting the number of drops per minute passing 
though the glass-wool filter which usually contained some air. 

At the end of the experiment the bottle C was clipped off, and the 
perfusion with oxygenated sugar-free Ringer’s solution begun from the 
second aspirating bottle, the oxygen-pump being maintained in action. 
In this way the apparatus as far as the heart, and the heart itself, were 
washed out, the original sugar solution and the wash-solution accumu- 
lating in C. The indiarubber joint G was then opened, the funnel H 
removed to one side from the heart, the system of tubes emptied 
through the T-piece Z, and the pump, fall-tube and lift-tube rinsed out. 


It may be added that the perfusion apparatus described can be used for blood if a 
sufficiently large funnel to retain the froth be interposed between the upper end of the lift- 


tube and the reservoir. A great advantage of the method is the large surface of blood 
or of solution in contact with the gas used in the pump. an 
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The contents of the bottle O with all rinsings were diluted to a definite 
volume for the estimation of sugar. 

The wash-solution passing last through the heart was never found 
to yield any dextrose. After gashing open the ventricular cavities with 
scissors to roughly drain the organ, it was removed from the cannula to 
a glass dish and weighed. The weight obtained must be regarded as 
only approximate. It was certainly always excessive, as a large and 
varying amount of fluid cluag to the heart, which was also oedematous 
to a greater or less extent’. 

In a number of experiments, for the purpose of a rigid control of the 
merely physical and chemical factors, a similar circulation of a corre- 
sponding quantity of the same solution was simultaneously carried on in 
a second apparatus in which there was no heart, the rate of perfusion 
being approximately adjusted by means of a screw clip to that of the 
heart experiment. 

The estimations were made by Märcker-Allihn's gravimetric 
method, in which the cuprous oxide formed is weighed as metallic 
copper. Kjeldahl’s modification of this method was made use of; his 
important improvements in its details having rendered it the most 
satisfactory one at present available for the estimation of the reducing 
sugars*, The reoxidation by the air of the cuprous oxide formed is 
avoided by the mixed Fehling’s and sugar solutions being heated in a 
current of hydrogen. The reaction goes on under constant conditions 
of heating. The slight auto-reduction of the Fehling’s solution when 
heated is allowed for. All Kjeldahl’s directions were rigidly followed 
and the dextrose calculated from his tables. In every case two o analyses 
were made, and the mean taken. 

In order to vary the amount of work done by the heart in different 
experiments the somewhat crude method was adopted in certain cases 
of attaching to the cardiac apex by means of a hook of platinum wire a 
hollow glass weight loaded with more or less shot. 


RESULTS AND DISCUSSION. 


In the experiments made in the manner described, and lasting from 
7 to 10 hours, the heart, in spite of the small quantity of solution (100c.c. 


1 If the perfusion pressure employed be not too great (not more than 45 mm. Hg), the 
cedema of the heart is never so marked as to interfere with its proper working. The 
difficulties in this way some experimenters have found have been doubtless due to their 
employing too high pressures. 

® J. Kjeldahl. Compt. Rend. du Lab. de Carlsberg, Iv. p. 1. 1895. 
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to 250 Ce.) circulated through it, invariably beat strongly and regularly 
throughout. In no case was failure of the heart’s action the cause of 


cessation of the experiment. One got indeed the impression, there being 


no graphic record, that the heart beat better under these conditions, 
than when constantly perfused with fresh solution. This is a result of 
distinct interest, tending to show that there is no great accumulation 
of non-volatile harmful catabolites in the circulated fluid, a fact 
directly demonstrated for lactic acid, as will be later shown. The 
favourable results may be partly attributed also to the non-accumulation 
in the heart substance of any toxic material, very possibly always present 
in traces in the most carefully prepared artificial perfusion fluid. It was 
invariably noticed that as circulation continued the circulating fluid 
became more and more frothy. This is doubtless due, at any rate in 
part, to a trace of protein washed out from the heart by the saline 
solution, The frothing substance or substances may possibly have 
exerted some nutritive action, or may have had an antitoxic effect on 
extraneous impurities. present in minute traces in spite of all the 
precautions taken. 
The protocol of a typical experiment may now be given: 


Protocol of Eaperiment No. 2. 
Weight of rabbit, 1260 gra. Perfusion - pressure 41 om, solution. 


Rate 
Rate of flow 
of beat in — 
per min. per Temp.. Remarks 
11.30 — — 86°4° Perfusion begun. Heart beat well, but got gradu- 
ally weaker. 
11.89 — — — Oxygenation of perfusion fluid begun followed by 
; great improvement of beat. 
11.45 — — — Load of 3°59 grs, attached to apex. 
11.52 160 — 36˙5 Circulation of 100 ¢.c. dextrose solution begun. 
: 275 b.. of the sugar free solution had passed 
through the heart. 

11.59 200 120 36°8 
12.35 205 120 86°8 

1.85 200 106 86°8 

2.80 200 108 369 Heart is beating very vigorously. 

3.30 190 98 86°8 

5.10 172 84 87°0 Heart is beating strongly. 
6.30 160 6⁵ 86°6 

7.45 156 74 86°3 Heart beating well and regularly. 

7.52 — 


— — Dextrose perfusion stopped. Heart with 
100 c.c. sugar-free solution. Weight of heart 
6°25 gro. 


100 drops 9 c.c. + Taken in water- bath containing worm. 
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Four experiments were made of the kind of which the above is an 


example. Their results are contained in the following table. 


TABLE I. 

Absolute amount of Absolute Dextrose 

dextrose in solution amount con- 
cireu- — — dextrose 
Duration lated centage Before After in 
of exp. solution of heart Load circulation . of 
No. in mee. dextrose ingrs. in in gra. in gre. (in gra. 

1 9 250 0°18 66 None 0°327 0*228 o'oes 17 
2 8 100 0°17 6°25 86 0°170 0°100 00 14 
3 94 250 0°23 6-0 5°5 0-589 0°524 0 00s 12 
4 8 250 0°22 5˙5 None 0°545 0°489 0 08e 13 


It can be seen from the table that in the period of from 8 to 
94 hours hearts varying in weight from 54 to 64 grs. consumed from 5 


to 10 centigrams of dextrose. 


It is by no means inconceivable that such a disappearance of dextrose 
was not due to any physiological cause, but to the long continued 
oxygenation and mechanical agitation of the warm weakly alkaline 
solution. This point was specially investigated in the control experi- 
ments already referred to. Four experiments of this kind were made in 
parallel to those of Table I. In all cases it was found that no loss of 


dextrose took place, as is shown in the following table : 


TABLE II. 
Absolute amount of 
dextrose in solution 
Duration of Before After 
circulation 
No. in hours in gra. in gre. 
1 9 0°327 0°327 
2 8 0-170 0170 | 
3 93 0˙589 0˙589 
4 8 0°545 0°545 


It is evident from the results of these control experiments that the 


disappearance of dextrose perfused through the heart is not due to any 
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Analytical figures. 

Volume ; 

with taken for Mz. | 

Sugar solution after per- 0-0507 
y arte through heart 100 250 60 98600 907 100°2 
Original sugar solution 20 170 

urs 

in: 100 0 98815 % 109 6 | 
apparatus 
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merely chemical or physical factor. The heart itself must be regarded 
as the necessary cause. In what way is its influence essential? If the 
dextrose were directly consumed as fuel for the contracting heart, 
it might be expected that the sugar consumption would increase with 
the work done by the heart. No such effect is clearly evident from the 
figures in Table I. It must nevertheless not be forgotten that the 
method employed for increasing the heart’s work was a very crude one, 
and as compared with the more physiological hydrostatic methods of 
increasing the load of the heart may have been of very slight effect. No 
certain conclusion in this matter can therefore be drawn from the 
material here available, a fact to be regretted, for an increase of sugar 
consumption with the amount of work done by the heart would go far 
to establish a direct relationship between the two. 

It is indeed conceivable that the disappearance of dextrose is not 
due to the heart’s contractile activity, but is brought about by a glyco- 
lytic ferment. If such a ferment exists, it might possibly be extracted 
from the heart during the long perfusion. In this case, the disappearance 
of dextrose would presumably go on in the perfused solution for some 
time after the cessation of perfusion under suitable conditions. We 
therefore investigated whether such a disappearance of dextrose takes 
place. Part of the sugar-containing perfused fluid was kept after 
cessation of the experiment for from 11 to 44 hours in an incubator at 
36° with the addition of a little toluol, and the percentage of sugar 
present was then determined. As will be seen from the results given in 
the following table no loss of sugar occurs. 


TABLE III. 
sotion at end 
No. in hours % (hours) * 
1 9 0-09 1 0-09 
2 8 0-10 44 0-10 
3 93 0-21 43 0-21 


It has been urged, particularly by Pavy', that when dextrose is 
injected into the blood of the living animal it is largely converted into a 
disaccharide (isomaltose ?), As such a conversion would be accompanied 
by a lowering of the sugar’s reducing power it was necessary to consider 
the possibility that di- or polysaccharides were formed by the heart in 
the perfusion fluid. A part, therefore, of the perfusion fluid after the 
cessation of the experiment was at once boiled with weak hydrochloric 


F. W. Pavy. This Journal, xxrv. p. 479. 1899. 
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acid for some time. This, however, had no influence on the reducing 
power of the solution. The heart, at any rate, therefore cannot form a 
disaccharide from dextrose under the conditions of our experiments. 
The result does not exclude of course the possibility that some, at any 
rate, of the dextrose disappearing from the solution is stored up in the 
heart itself in the form of an insoluble polysaccharide, more particularly 
of course glycogen. The extract made with boiling water from the 
minced heart at the end of the experiment never contained any 
detectable trace of reducing sugar. After aqueous extraction the minced 
heart substance was boiled under a reflux condenser with dilute hydro- 
chloric acid, and dextrose estimated in the acid extract in the usual way. 
The amount of dextrose thus obtained varied between three and five 
milligrams, It is clear, therefore, that a storing up of carbohydrate in 
the heart substance cannot account for the disappearance of dextrose 
from the solution. 

After the results above given there can be no doubt that a disap- 
pearance of dextrose from the solution circulated through the active 
heart takes place. Although the most obvious explanation of this is that 
the dextrose disappearing serves as fuel to the heart’s mechanical 
activity, it is not impossible, in spite of the fact that no production of a 
glycolytic ferment by the heart could be demonstrated, that the heart, 
apart altogether from its contractile activity, was responsible for the dis- 
appearance of the dextrose by virtue of some relatively simple fermenta- 
tive or other chemical process. Our attempt to demonstrate a relation 
between the amount of mechanical work done by the beating heart and 
the dextrose consumption was not successful. The question now arises— 
does the non-beating living heart bring about a consumption of dextrose? 
We attempted to obtain such a heart by removing the calcium from the 
fluid perfused through it, the other constituents being unchanged. 

The experiment was made in this way. The heart was first perfused 
by the method above described with oxygenated Ringer’s solution for 
17 minutes; it beat well as usual on this. Calcium-free Ringer's solu- 
tion was then turned on, and the heart thereupon promptly failed. 
After four minutes, only the right auricle and ventricle could be observed 
to still beat weakly, and in nine minutes more only the right auricle 
could be seen to beat. Fifteen minutes after the removal of calcium, 
calcium-free solution containing 0°29°/, of dextrose was turned on, After 
about another half-hour the right auricle could no longer be observed to 
beat. The perfusion with dextrose was maintained for 7} hours, at the 
end of which time a sugar-free solution of sodium and potassium 
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chlorides was used to wash out the heart and apparatus with the aid of 
the pump in the usual way for 17 minutes. Finally ordinary oxygenated 
Ringer’s solution without sugar was turned on to the absolutely 
motionless heart, and in five minutes both auricles and ventricles had 
commenced to beat. In six minutes more the whole heart was beating 
well and regularly at the rate of 75 per minute. 

In spite, however, of the absence of calcium (ions) from the perfusion 
fluid, and the consequent inactivity of the heart, the sugar analyses 
showed that a disappearance of dextrose occurred (see No. 5, Table IV.). 
This was indeed considerably smaller absolutely than that taking 
place in the experiments with the calcium-containing perfusion fluid 
already described, but when the weight of the heart and duration of the 
experiment are taken into consideration the resulting rate of consump- 
tion per gram-hour is not much smaller than in the case of the actively 
beating hearts experimented with before. It is, of course, obvious that 
the consumption of dextrose in a slowly dying heart (for such all 
surviving hearts undoubtedly are) in all probability becomes progressively 
less in the course of the experiment, and that the neglect of this influence 
in the calculation of the hourly consumption per gram of heart tends to 
increase the apparent magnitude of this in the case of a relatively 
shorter experiment. It can, nevertheless, hardly be doubted that the. 
rate of sugar consumption in the mechanically inactive heart fed with 
calcium-free solution is not reduced as much as might be a priori 
expected. That this was not due to a greater storing up of dextrose as 
glycogen in the case of the resting heart w&s shown by the fact that the 
heart and sugar-free Ringer's solution used to revive it only yielded 
after boiling with hydrochloric acid 5 milligrams of dextrose. Two 
explanations alone would seem therefore to be left to us. Either the 
disappearance of sugar in the absence of calcium (ions) is brought about 
by some minor metabolic or fermentative bye-process; or, those chemical 
changes, including the oxidation of carbohydrate, which in the normal 
heart furnish the energy necessary for its mechanical activity, can still, 
to a considerable extent, go on, although owing to the absence of calcium 
(ions) the resulting energy can no longer be converted into mechanical 
work. 

In order to obtain further evidence to decide this question, experi- 
ments were made in which in addition to the calcium, potassium was 
also omitted from the perfusion fluid, an oxygenated faintly alkaline 
sodium chloride solution alone being employed. Such a solution would 
appear to be adequate for the continuance of simple chemical or 
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fermentative processes, but it was found that hearts perfused with it 
had a greatly decreased power to consume sugar. Two experiments 
were made with this solution in exactly the same way as the last 
described. They need not be described in detail. The only point 
worthy of special mention is that the omission of potassium in addition 
to calcium seems very much to diminish the recoverability of the heart 
at the close of the experiment by perfusion with normal Ringer’s 
solution. In one experiment no recovery at all was obtained, and in 
the other the auricles only commenced to beat. The results as regards 
sugar consumption are given in Table IV. 


TABLE IV. 
Absolute amount of Absolute Dextrose 
Composition Duration of dextrose per 
and amount of of exp. " Before Aer per 1 gr. of 
No. in in gra. circulation circulation in gra. 
5 280 Ringer 71 0˙7²⁴ 0˙684 0-040 0-94 
Calcium 
+ 0°29 % Dextrose 
6 260 Ringer 6} 6 ˙1 0°616 0°596 o OO 0°52 
— Caleium 
— Potassium 
+ 0°25 % Dextrose 
7 250 0.0. Ringer 7 6°4 0°619 0°594 O O 8 0°56 
— Calcium 
-P um 
+ 0°25 Dextrose 


A disappearance of dextrose still occurs but it only amounts to 
about one-half of that taking place with a normal perfusion fluid, even 
when expressed in rate per gram-hour. 

It is evident then that neither potassium nor calcium (ions) need be 
present in the perfusion fluid in order that some consumption of dextrose 
may occur, In face of this fact it has to be remembered that the heart 
perfused with merely alkaline sodium chloride solution is by no 
means a dead heart; it can be revived, if only to a limited extent. 
Its vitality can hardly be regarded as absolutely latent. Metabolic 
processes may continue to go on in it, and of this we shall give later 
on further experimental evidence. It is unnecessary, therefore, to 
have recourse to the hypothesis of a chemical or fermentative agency 
exerting its power of action independently of all “vital” metabolism, 
and the marked lessening effect of the absence of potassium (ions) on 
the consumption of dextrose points distinctly against such a view, for 
no instance of potassium being of importance to mere ferment action is, 
we believe, known. It would seem to be much more probable that 
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potassium is more nearly associated with the “vital” metabolic activity 
of protoplasm than is calcium, which, as suggested above, may be more 
especially associated with the rendering of the energy of the metabolic 
process mechanically available, that is to say, with the production of the 
wave of contraction out of the wave of excitation. 


One of us (F. 8. L.) has sought further evidence for the truth of this last conception 
in the investigation of the effect of absence of perfused calcium (ions) not only on the 
mechanical action of the heart but also on its electrical activity. He has found that the 
spontaneous cardiac action-current remains strong long after the mechanical beat has 
become minimal. This latter when accurately observed persists, however, very much 
longer than we concluded it did in the experiment with calcium (ions) absent from the 
perfusion fluid described above, in which the heart was observed through a glass cylinder. 
The spontaneous beat has indeed been observed to persist minimally, but distinctly, even 
when 0-1 % sodium oxalate is added to the perfusion fluid. It would seem that calcium 
(ions) are necessary in the perfusion fluid for the development of strong mechanical 
activity of the heart. It is probably also necessary for long continued mechanical activity 
even when the beat is minimal. The experiments have been made both on frogs’ and 
rabbits’ hearts. The above statements refer more particularly to the latter. 

It may be added here that the conception err 
bolism here put forward must not be ith the one advocated not long since by 
Langendorff and Hueckl. They concluded that the process of automatic rhythmical 
stimulation (e. 9. in the great veins) initiating each heart-beat is independent of calcium, 
which in some way makes the cardiac muscle able to respond to this local stimulation. 
The experimental] results by Langendorff and Hueck agree equally well with our own 
view, which may be regarded, although arrived at independently, as an extension of theirs. 
Not only is the spontaneous local stimulation initiating a heart-beat, but also the wave of 
chemical action passing along the cardiac muscle in response to this, independent of 
calcium, at any rate to a large extent, as is indicated by the persistence of the electrical 
action-current. The persistence of a minimal beat in the absence of perfused calcium 
(ions) may well be due to the calcium (perhaps not ionised) still present in the 
contractile structure, This calcium is still available for those who would attribute to this 
substance an all important part in the generation of the spontaneous rhythmical stimulus 
of the normal heart-beat, and doubtless much can and will be made out of it. We have 
never believed, for our own part, that the normal heart is ceaselessly irritated by normal 
blood, although the latter does contain ions. 


Is lactic acid produced by the isolated heart? 


As a possible catabolite of the active cardiac muscle, especially when 
supplied with dextrose, it was of interest to search for lactic acid in the 
circulating perfusion fluid, which was tested with Uffelmann’s reagent, 
with however a constantly negative result. This is not surprising in 
consideration of the work of Fletcher and Hopkins, who have found 
in the case of amphibian skeletal muscle that lactic acid is only formed 


1 0. Langendorff and W. Hueck. Arch. f. d. ges. Physiol. xovi. p. 478, 1903, 
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in the absence of oxygen’. The oxygen supply of the heart in our 
experiments, although by no means so great as that in the intact organism, 
was doubtless sufficient to prevent the formation of a detectable amount 
of lactic acid*. 

The nitrogenous waste of the isolated heart. 

It has already been remarked that the perfusion fluid in the course 
of the experiment became more and more frothy. This seemed to 
indicate that it extracted a trace of protein material from the heart sub- 
stance which accumulated in the solution. The amount of nitrogen in the 
perfusion fluid at the end of the experiment was therefore determined 


by Kjeldahl’s method. The results are as follows. Controls of all the 
materials used were of course made. 


TABLE V. 
Absolute Absolute 
Duration Weight +4 
of exp. of heart in circulated 

No. in hours in grs. fluid, mg. mig. 
8 9} 60 56 0 
4 8 5°5 56 85°0 
5 74 5°8 40 25 0 


* The factor 6°25 was used for calculation. 


Presuming that all but the merest trace of blood had been previously 
removed, as is practically certain from the procedure employed, the 
nitrogen found formed part either of some material of a protein nature 
taken up from the tissues and lymph of the heart by the merely crystal- 
loid perfusion fluid, or of nitrogenous catabolites. The increasing 
frothiness of the perfusion fluid is in favour of the former alternative, 
but no attempt was made to identify the actual body or bodies present. 
The absolute amount of the nitrogen found does not amount to more 
than 6 milligrams, and on any assumption so much may be concluded 
from the results that, at any rate under the conditions of our experi- 
ments, the nitrogenous catabolism of the heart was extremely small. 
The further conclusion can be drawn that the perfusion fluid after 


1 W. M. Fletcher and F. G. Hopkins. This Journal, xxxv. p. 246. 1907. It may 
be added here that we have since sought for lactic acid in the perfusion fluid (containing 
dextrose) which had been circulated by means of the oxygen-pump through a rabbit’s 
heart for three days (excluding nights). The heart beat each day when perfused. Hopkins’ 
sensitive reaction (loc. cit.) was employed, but no lactic acid could be demonstrated. 

2 Our intention has long been to investigate the sugar-consumption of anmwrobic hearts 
by means of the substitution of hydrogen for oxygen in our apparatus. This we have not 
yet been able to do. In such experiments lactic acid would probably be found. 
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circulation can still be regarded for the purpose of the estimation of 
dextrose as merely a saline solution of this substance. 


The amount of CO, produced in the isolated heart. 


Although the examination of the CO, output of the isolated heart 
was not originally intended to form part of our investigation, it became 
obvious to us that the method employed lent itself readily to the gravi- 
metric determination of it. For this reason it is only necessary to pass 
the stream of gas escaping from the apparatus through an efficient 
CO, absorption apparatus, and estimate volumetrically in addition 
any alteration in the CO, content of the circulated perfusion fluid. 
This was done in one special experiment (No. 8) with normal solution 
containing dextrose on which the heart beat well throughout, but in 
which the absolute dextrose consumption was not determined, and in two 
of the experiments already described in one of which (No. 5) calcium 
(ions), and in the other (No. 7) both calcium and potassium (ions) were 
absent. The CO, absorption was commenced at the beginning of the 
dextrose perfusion. The slow stream of gas escaping from the perfusion 
fluid reservoir passed first through a series of U-tubes containing CaCl, 
and then through a series of weighed U-tubes containing soda lime. 
All usual precautions necessary in a CO, determination of this nature 
were of course observed. 

The quantitative results are given in Table VL 


TABLE VI. 
Duration Weight Weight of Volume of ea + 
of exp. of heart carbonic acid carbonic acid K* . of heart 
No. in hours in gra. in gra. in e. c. cc. 
8 8 70 0°0707 85°67 0°64 
5 8 58 00513 26°11 0°56 
7 7 6°4 0-0309 15°73 0°35 


The experiments are insufficient in number to prevent any, far-reaching 
conclusions being drawn from their results, but as far as can be seen there 
exists a general parallelism between the CO, production and dextrose 
consumption. Most CO, was produced in the experiment (No. 8) with 
normal solution, in which the heart beat actively throughout. Under 
perfusion (experiment No. 5) with a solution containing potassium (ions) 
but no calcium (ions), a distinct falling off in the CO, output occurred. 
When potassium was also omitted from the solution (experiment No. 7) 
a further falling off occurred to the extent of about a half, just as in the 
case of the dextrose consumption. The fact, however, that some CO, 
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production still occurs may be regarded as additional evidence that in 
the absence of both calcium and potassium (ions) from the liquid 
perfused, metabolic processes still go on. 

A large part of the work, the results of which have been given above; 
was carried out in the Pharmacological Laboratory, King’s College, 
when under the control of Dr F. W. Tunnicliffe. Our best thanks are 
due to him for its use. Grants in aid of the expenses of the work have 
been received from the Government Grant Committee of the 28887 
Society. 


SUMMARY. 


1. A new perfusion method is described by which a solution of 
dextrose in oxygenated Ringer’s solution can be repeatedly circulated 
automatically through the isolated mammalian (rabbit's) heart. 

2. Examination of the solution after circulation for from eight to 
nine hours shows a disappearance of from five to ten centigrams of 
dextrose. 

3. In control experiments with no heart in the perfusion apparatus 
a disappearance of dextrose does not occur. 

4. It is conceivable that the disappearance of sugar is brought about 
by some minor metabolic or fermentative bye-process and is not associated 
with the main chemical changes which underlie cardiac activity. But 
this view is negatived by the two following considerations: 

(a) No further loss of sugar occurs in the perfused liquid when it is 
incubated for many hours subsequently ; the disappearance of the sugar 
is therefore not due to a glycolytic ferment which can be washed out of 
the heart. 

(6) If both calcium and potassium (ions) are omitted from the 
Ringer’s solution, metabolic action in the heart still continues, although 
actual contractions are minimal or absent. Under these conditions of 
reduced activity, the amount of sugar which disappears is much less in 
quantity. The omission of calcium (ions) alone does not reduce 
metabolism or sugar consumption so markedly. The further omission of 
potassium (ions) would not presumably have any influence on a simple 


_ fermentation process. 


5. There is no evidence of the formation of disaccharides in the 
solution of dextrose perfused through the heart. 

6. No storing up of dextrose in the form of glycogen sufficient 
to account for the disappearance of the former from the solution takes 
place in the perfused heart. Lessened activity of the heart in the 
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absence of perfused calcium (ions) does not bring about an increased 
storing up of carbohydrate in the form of glycogen. 

7. The disappearance of dextrose accompanying the heart's activity 
is probably a physiological one of a nutritive character, the heart acting 
upon the sugar in the way it does in the intact organism. 

8. It is concluded that calcium is necessary for the conversion 
of the heart’s chemical energy into the mechanical energy of its beat, 
while potassium is more necessary for the merely chemical processes 9 
of cardiac activity. | 

9. So far as the few experiments recorded on the production of 3 
carbon dioxide go, there exists a general parallelism between production 3 
of this substance, and consumption of dextrose. Most is found when the 13 
normal solution is used, and the heart beats actively; with the omission 
of calcium, the amount falls off, and when potassium is also omitted there is 
is a still more marked reduction. That even under these circumstances 5 
some carbon dioxide still appears is in itself evidence of the continuance 3 
of metabolic processes. 


10. The liquid after perfusion contains no lactie acid, and acquires 
traces of nitrogen, some of which is probably in the form of protein. 


The nitrogenous metabolism was not specially investigated, but the 
figures given show it must be small in amount. 


ADDENDUM. 


Loeb (Dynamics of Living Matter, New York, 1906, p. 76) and Vernon (This 
Journal, XXXVI. p. 81) referring to Ringer’s fluid containing 0°24 °/, CaCl, and 0-42°/, KCl 
imply that Abderhalden recommended the use of a perfusion fluid of this composition. 
They seem to have overlooked the fact that Abderhalden’s work, which consisted of ash- 
analyses of the blood and serum of various mammals including the rabbit (Zeitschr. f. 
physiol. Chemie, XXIII. p. 521. 1897; and xxv. p. 65. 1898), was carried out without any 
reference to physiological salt-solutions. It was shown by me that a Ringer’s solution 
containing calcium and potassium in quantities normally present in rabbit’s serum 
(according to Abderhalden’s analytical results) gave most excellent results with the rabbit's 
heart in spite of the great predominance of potassium, which might well have been 
expected to exert a toxic influence. It was thus made evident that no factor such as 
lessened ionisation need be assumed in blood-plasma preventing the full effect on the 
heart of its large potassium-p tage. That it is of great practical importance to 
adhere strictly to the percentages of CaCl, and KCl in question I do not believe as is 
evident from my published statements (Centralbl. f. Physiol, x1v. p. 670. 1901). 

Loeb makes also (loc. cit.) the following statement :—‘‘ The fact that Locke also 
mentions sugar as one of the necessary constituerits of his solution indicates that he 
considers the other constituents also as nutritive material, This would however be wrong.” 
Loeb’s deduction is incorrect, Since 1891, when I first took up the subject of artificial 
blood-substitutes, I have never thought that physiological isotonic salt-solutions were 
nutritive, i.e, were themselves sources of energy to a living tissue. 


F. 8. L. 
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RESEARCHES ON THE NATURE OF ENZYME-ACTION. 
I. On the causes of the Rise in electrical conductivity 
under the action of Trypsin. By W. M. BAYLISS. 


(From the Physiological Laboratory of University College, London.) 
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Introductory. The first investigator who made experimental use of 
the change in electrical conductivity shown by various solutions under 
the action of enzymes was Sjigvist'. He found that the hydrolysis of 
albumins by pepsin was accompanied by a diminution of conductivity. 
This fact was confirmed by Oker-Blom®*, who also observed that the 
action of trypsin was accompanied by a rise in conductivity and 
advocated the method as of great convenience in the study of the action 
of various proteolytic enzymes. It has been employed for this purpose 
by Victor Henri and Larguier des Bance!s*, who have published a 
few experiments chiefly on the law of action of trypsin on gelatin. 

I have myself carried out a large number of experiments for the 
most part on trypsin, a preliminary account of which will be found in 
the Arch. des Sciences Biologiques, x1. Supp. p. 261, St Petersburg, 1904. 


1 Skand. Arch, f. Physiol. v. p. 364. 1895. 

2 Versamm. Nordischer Naturf. in Helsingfors, Verh. d. Sektion f. Anat. u. Physiol. 
p. 9. 1902. 

C. R. Société de Biol. pp. 568 and 787. 1903. 
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The chief advantage which this method presents and which it shares 
in common with other physical methods, such as the measurement of 
optical activity, is the rapidity with which a large number of determina- 
tions can be made, so that it is possible to follow closely the course of a 
reaction even if this reaction proceeds at a considerable velocity. It 
also renders possible, without the expenditure of an undue amount of 
labour, the study of the effects of the numerous factors which affect the 
tate of change. By methods of chemical analysis these investigations 
would necessitate a very large amount of time. 

This being so, it is obviously a matter of some interest and practical 
importance to know how far the change in electrical conductivity can be 
taken as representative of the action of the enzyme. 

In my previous paper’ I have given some indications as to the 
possible causes of the change of conductivity in the case of trypsin, and 
in the present paper I hope to throw further light on the subject by the 
discussion of some recent experimental results. 

It is necessary to bear in mind that the passage of an electrical 
current through a solution is rendered possible by the presence therein 
of ions, each of which carries a definite charge of electricity from one 
electrode to the other. The rate of movement of these ions depends 
upon various conditions, such as temperature, presence of non- 
electrolytes, and so on. It is obvious, therefore, that an increase in the 
quantity of electricity passing in unit time, or, in other words, in the 
electrical conductivity, may be brought about, other conditions 
remaining constant, either by an increase in the velocity of the 
migration of the ions, or by increasing their number; and a decrease of 
conductivity may be produced by changes of the opposite kind. 

When, therefore, we find that a solution of a protein or similar 
body undergoes an increase in conductivity when acted on by trypsin, 
the explanation may be, either that the diminution of internal friction, 
which we know takes place, allows the ions already present to move at 
a greater rate; or on the other hand there may be an actual increase in 
the number of ions present, owing to a separation of electrolytes from 


the protein molecule. Both of these causes may be active at the same 
time. 


1 Loe. cit. p. 14 of reprint, 
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CHANGES N VISCOSITY. 


It is easy to show that the first cause, although it may assist to a 
slight degree, is altogether inadequate to explain the whole of the effect 
produced by trypsin. 

In the first place the time course of the change of internal friction 
is very different from that of the electrical conductivity. In the curves 
given in my former paper (p. 15 of the reprint) it will be seen that the 
internal friction diminishes much faster than the conductivity increases, 
and also that the former change has come to an end while the con- 
ductivity is still increasing. Owing to the extremely rapid change in 
the internal friction under the action of trypsin at 38° I have repeated 
the experiment at a temperature of 193. 


Exp. 40 C. c. of a 5% solution of caseinogen in ammonia, acid to phenol-phthalein, 
alkaline to litmus, warmed in flask in thermostat at 19°38. 5 o.. of 2°/, filtered watery 
extract of Rhenania pancreatin, also previously warmed, added, shaken, and portions 
immediately poured into a conductivity vessel and an Ostwald viscosimeter already 
immersed in the thermostat. Resistance and internal friction taken at intervals as 
follows: 


Resistance values are given instead of specific conductivity since the changes of 
resistance and internal friction are in the same direction and therefore easier to compare. 


Time in Rate of flow — 1 Resistance 
minutes capillary in in ohms 
0 (188)* (383)* 
4 — 325 5 
8 160 — 
12 — 308 ˙2 
16 137 — 
20 — 298°4 
80 115 286 1 
45 105 273˙1 
74 95 254 6 
81 92 — 
181 85 230°0 
180 82 216°5 
246 79 204°9 
342 77 195 0 
466 77 187 ˙4 
541 76 1849 
711 74 180°1 


* Caloulated. The change in viscosity at first is too rapid to admit of accurate 
measurement directly. 

The curves of Fig. 1 are drawn from these values. The numbers on 
the left refer to the viscosity curve and give the values of its ordinates 
in seconds; those on the right refer to the electrical resistance curve and 

15—2 


— 
4 
— 
| 
7 
— 
i 
* 
4 
1 ‘ 4 * 2 ~ — 


224 W. M. BAYLISS. : 


give the values of its ordinates in ohms. In order to render the forms 
of the two curves more readily comparable I have drawn them on a 
scale such that the two curves meet at the end of the figure. 

If we look also at the numerical values we shall see that at 131’, 
for example, the internal friction had diminished by N =90°/, of the 
value attained in 12 hours, at the same moment of time the resistance 
had diminished by f = 67 /. 
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This rapid change in the internal friction is also very obvious if one 
takes a bottle of 10% caseinogen solution which has been warmed to 
40°, adds trypsin and shakes. It is seen that the viscid solution 
becomes quite limpid even while one shakes the bottle, that is in less 
than a minute. 

Gelatin also, under the action of trypsin at 40°, very rapidly loses 
its power of solidifying on cooling. The following experiment shows 
this fact :— 


Exp. 50 C. 0. ofa 5% solution of gelatin, added 5 de. J ammonia and warmed to 40°. 


When warm 5 c.c. of 2% trypsin solution added, samples taken out at intervals and 
dropped on to a metal box filled with a mixture of ammonium nitrate and water of which 
the temperature was 8°C. The gelatin solidified rapidly at this temperature in the case of 
the samples up to 8 minutes after addition of trypsin, at 4 minutes the jelly was just to be 
detected by touching with the finger-tip, and at e eee 
standing for 20 minutes and then it was of the very weakest 


Again, when solid fibrin is acted on by trypsin in alkaline solution at 
40°, it is well known that it is rapidly taken into solution, but if, as soon as 
the solid has disappeared, the solution is heated to 100° it will be found 
that it has only been attacked so or as to convert it into a soluble 
coagulable protein. 

Taking these facts into consideration, it seems to me that the 
methods of investigating proteolytic enzymes dependent upon mere 
changes of physical state give somewhat limited information as to the 
really important part of the work of these enzymes, viz. the chemical 
changes. The methods I refer to are such as those dependent on the 
liquefaction of solid gelatin solution at room temperature in Fermi's 
method, or those dependent on the solution of fibrin such as Griitzner’s 
and Vernon’s. 

In another way it can be shown that changes of internal friction are 
insufficient to account for the change in conductivity in the case of 
trypsin action. 

A considerable amount of work has been done, chiefly by Arrhenius’, 
on the diminution of conductivity produced by the addition of non- 
electrolytes to solution of electrolytes, but there is not much known as 
to the behaviour of colloidal non-conductors, such as concern us in the 
present case, when these are present in solutions of electrolytes. 
Accordingly I have thought it advisable to make a few experiments on 
this subject. 


1 Zeitsch. f. physik. Chem. rx. p. 408. 1892. 
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As regards gelatin in the first place : | 
An approximate 80 solution of KCl was found to have a specific 


conductivity at 10°C. of 1990 gemmhos (= recip. megohms). 

A portion of the same solution was used to make a 5% solution of 
gelatin; the conductivity of this solution was 2100 gemmhos. That is, 
the addition of gelatin caused a slight increase in the conductivity. 
This was found to be accounted for by the conductivity of the gelatin 
itself, so that, as far as this experiment is concerned, the addition of 
gelatin had no perceptible effect on the conductivity of the KCI solution. 
This absence of any considerable effect of certain colloids on conductivity 
is, I believe, well known. It is, however, usually regarded as a 
peculiarity of the “gel” condition, and is, no doubt, connected with the 
facts observed by Reformatsk y' and by Le vi“ with respect to the non- 
effect of gelatin, agar-agar, or colloidal silica on the velocity of certain 
reactions. In point of fact it is not necessarily connected with the “gel” 
condition, since it is shown also by gelatin solution at 30° as the following 
experiment demonstrates. 

Ezp. A quantity of gelatin (about 100 grams) was soaked in repeated changes of 
distilled water at room temperature. Solutions of various concentration of this gelatin 
were made in distilled water and in = KCl. To compare with these, similar solutions of 
cane-sugar were made. It was found that, allowing for the conductivity of the gelatin 
itself, due to the adsorbed inorganic ash constituents, which were not completely washed 
out, the diminution in conductivity produced by the addition of equal quantities of gelatin 
or cane-sugar to a solution of potassium chloride was very nearly the same. It amounted 
to 28°), of the initial conductivity for each 1 % addition of cane-sugar and 3°4 °/, for 
gelatin, at a temperature of 38°C. 


This experiment shows, then, that gelatin has about the same effect 
on the conductivity of electrolytes as has a corresponding amount of 


a non-colloidal non-conductor like sugar. The considerable viscosity of 


gelatin solutions, as measured by their rate of flow through narrow tubes, 
does not then show itself in any corresponding effect on the velocity of 
ionic migration. Its action in this respect is, in fact, of the same order 
as that of non-colloidal non-conductors, viz. from 1°5 to 4%, as found by 
Arrhenius. 

Moreover, when a gelatin solution is gradually warmed, so that it 
passes from the “gel” to the “sol” state and the conductivity deter- 
mined at frequent intervals, there is found to be no inflection in the 


1 Zeitsch. f. physik. Chem. vit. p. 84. 1891. 
Chem. Centralbl. M. p. 658. 1900. 
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curve drawn from the values obtained. This would, of course, be the 
case if there were any difference between the “sol” and “gel” state in 
their action on electrical conductivity. 
Caseinogen solutions, also, behave like ordinary non-electrolytes, as 
shown by the following experiments : 
The specific conductivity of a mixture of equal parts of a 2°), caseinogen solution and 
10 KOI was, at 88°, 8400 gemmhos. That of 30 KCl being 7300, and that of a mixture of 


equal parts of the caseinogen solution and water being 1580, the sum would be 8880 
gemmhos; so that the mixture had a conductivity less by 480 gemmhos than that of the 
sum of its constituents. That is, the addition of 1°/, of caseinogen to an 

solution diminishes the conductivity of the electrolyte solution by 4, x 4=2°7 °/,. 


That gelatin is not entirely without effect on diffusion processes has 
been shown by Kurt Meyer’ and by Bechhold and Ziegler“ in 
work published since the completion of the above experiments. 

At the same time it is quite evident that, even supposing all non- 
electrolytes to disappear during the action of trypsin, no greater effect 
than an increase of some 4% of the original conductivity for each 1% 
of the non-electrolyte could be obtained. In actual fact the increase 
produced by the action of trypsin amounts to 100 % or more. 

It appears, indeed, that the effect of trypsin is to cause the 
production of bodies which have a somewhat less action in diminishing 
the conductivity than that of the original gelatin: , 

Exp. 45% solution of gelatin was taken, trypsin added and the mixture at once divided 
into two parts, one of which was heated to 100° and the other allowed to digest at 40° for 


24 hours. 10 ¢.c, of each were then placed in conductivity vessels in the thermostat 
at 40° and the specific conductivities found to be: 


Undigested 882 gemmhos 
Digested 
1 0.0. of 10 KCl was now added to each and the conductivity thereby raised to: 
| Undigested is 2060 gemmhos 
Digested 
that is, an increase of: 
In the undigested solution 2 vad 1178 gemmhos 
In the digested solution „ 


or a difference of 7 % in favour of the digested solution. 


In other similar experiments a less difference than this was found, 
but in any case it will be seen that the difference between the two 
solutions was quite inadequate to account for the actual increase of 


1 Hofmeister’s Beitrage, vu. p. 393. 1906. 
2 Zeitsch. f. physik. Chem. LVI. p. 105, 1906. 
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conductivity found, viz., in the experiment quoted, from SF to 1434 
gemmhos or 63 °*/,. 


A similar experiment with caseinogen, showing equal increase of 
conductivity by adding equal amounts of KCl to the same solution 
before and after the action of trypsin, is given in my previous paper’. 

One more experiment may be quoted in support of the results 
obtained above: 


A 5 % solution of gelatin was taken. The gelatin had been soaked, in the ice-chest, in 
repeated changes of distilled water, the first three or four changes being slightly acidified 
with acetic acid, and with the addition of a piece of thymol. The gelatin was then dried 
on muslin in a current of dry air at 40° and then in a desiccator. 

The specific conductivity of this solution was, at 39°, 159 gemmhos ; that of the water 
being 5°75, the conductivity of the gelatin solution was 153-25. The corresponding value 
of a 5 % solution of the gelatin before washing was 760 gemmhos. 


Now it might be supposed, if the increase of conductivity by trypsin 
were produced by some change facilitating the movement of ions already 
present, without actually increasing the number of ions present, that 
the observed increase would be greater the greater the number of ions 


originally present, naturally within such limits as not to retard the 
action .of the enzyme itself. 


To one sample of a 5 °/, solution of the above-mentioned washed gelatin a small amount 
of KCl was added, so that its conductivity was raised to 830 gemmhos, i. e. slightly higher 
than that of the gelatin before washing; this rise of 671 gemmhos would correspond to the 
presence of sufficient KCl to make the solution approximately 440. To this were added 


10%. J NH, and 1 b.. of 2% trypsin, and the same amounts to another sample of the 
washed gelatin solution without addition of KCl. After 24 hours’ digestion the con- 
ductivities of these two solutions had risen by : 
The original solution ... 25695 gemmbhos 
” ens 2470 


That is, the one with the greater number of original ions showed 
slightly less change. The difference is rather too large (48 /) to be 
an experimental error and may be due to retardation of the action of 
enzyme by the KCl, though one would not expect any perceptible effect 
from so small a quantity of electrolyte. 

The conclusion to be drawn from the foregoing considerations is 
that changes of such properties of a solution as those known as 
“viscosity or internal friction are insufficient to account for more than 
a small fraction of the increase in electrical conductivity under trypsin 
digestion. 

Loc. eit. p. 15 of reprint. 
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The fact that, notwithstanding their “viscid” character, solutions 
of gelatin and other colloids have no greater effect in diminishing the 
conductivity of electrolytes to which they were added than has the 
addition of non-colloidal non-conductors, such as glycerin or alcohol, is 
of a somewhat puzzling nature. It shows, indeed, that a distinction 
must be drawn between the internal friction of a solution, as measured 
by its rate of flow through a narrow tube, and that property in virtue 
of which it causes a diminution of electrical conductivity by retarding 
the movement of ions present in other solutions to which it may be 
added. We may, for convenience, distinguish the two properties as 
„mechanical and “electrical” viscosity. Arrhenius’ points out that 
the influence of non-electrolytes on the conductivity of electrolytes is not 
in direct relation to their “fluidity,” for example: the internal friction 
of 1% cane-sugar (by volume) is 1046 (H,O = 1), 2°2°/, methyl-alcohol 
has the same value, yet the conductivity of KCl solutions is lowered by 
the cane-sugar by 3% and by the methyl-alcohol by 3°85 %, 

In this connection the following experiment is of interest : 

The following substances were taken in 5 °/, solution by weight; their rate of flow 


through Ostwald’s viscosimeter and the effect of adding the same amount of electrolyte to 
each were determined as follows : 


Temp. 29-9° C. 


Time of flow 

in minutes Ratio 
Water * 44 10 
Methyl-alcohol 53 1-2 
Glycerin... 50 114 
Cane-sugar ... 48 1-09 
Raffinose.. 51 1°16 
Brucin acetate 51 116 
Gum arabic 165 8°76 
Caseinogen in ammonia — N10 476 
Gelatin ‘ wi 960 


The increase in conductivity produced by the addition of 1 c.c. normal KOI to 9 c. o. o 
each of the above respectively was: 


— 

Water * 13,218 0 

Methyl- alcohol ibe * 12,289 141 
Glycerin * 12,108 1°78 
Cane-sugar ies 12,356 1°30 
Raffinose * 18,000 102 
Brucin acetate... 11,575 2°48 
Gum arabic 11,126 3°17 
Caseinogen in ammonia ... 1 10,000 4°85 
Gelatin ... 12,187 2-06 


1 Loc. cit. p. 495. 
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It will be obvious that the two properties in question have no 
direct relation to one another. This is especially striking in the case 
of the colloids. For example, the “ mechanical viscosity” of gelatin is 
114 = 19-1 times that of glycerin, whereas the “electrical viscosity is 
only ae 19 times that of the same body. The same fact comes out 


on comparing other pairs of values. 

The “electrical viscosity” of gelatin in the “gel” state at 15° C. is 
practically the same as at 29°9°, viz, 2°3. 

It may be thought, perhaps, that differences in electrolytic 
dissociation of the KCl in these several cases may account for the 
differences in conductivity. In order to test this, determinations were 
made of the concentration of C ions in each case. The following 
concentration battery was used, the content in Ci ions being thus 
obtained indirectly? :— 


Hg | Calomel | Normal KCl | 8-5n KC | Solution to be tested | Calomel | Hg. 
When 10 KC! was taken in the right-hand electrode the potential 


difference of the battery at 29°9° C. was 0°0632 volt, when 10 Kl in 


5% glycerin was taken it was 00633, the higher value of course being 
due to a diminution of the CI- ions present. It is, however, so small as to 
be practically within the limits of experimental error. The same value, 
within 00001 volt, was obtained for the remaining solutions with the 
exception of methyl-alcohol and brucin acetate. In the case of the former 
the potential difference was 00530 volt, i.e. the concentration of Cl- 
ions was greater than in the pure KCl; this is obviously due to impurity. 
The value in the case of brucin acetate was 0°0715 volt, showing a 
considerable lowering of the concentration of CI- ions, probably due to 
secondary chemical changes; the low value of the conductivity is 
therefore not to be taken as dependent solely on the “electrical 
viscosity” of the solution. It is also necessary to refer to caseinogen ; 
since alkali is inadmissible in a calomel electrode, the caseinogen 
solution was neutralized with acetic acid, so that the greater part of the 
caseinogen was thrown down, a fact making the value of the potential 
difference not that of an actual 5°/, solution. 

Brucin acetate and raffinose were chosen in the above experiment 
as being erystalloids with large molecules. The molecular weight of 


See Ostwald-Luther, Physik Chem. Messungen, 1902, pp. 378 sqq. 
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the former being about 450 and that of the latter 504. The low values 
of their internal friction justify our regarding them as crystalloids, 
although they show the Tyndall-phenomenon of reflecting polarized 
light at right angles when a beam of bright light is passed through 
them, a fact indicating the presence of ultra-microscopic particles 
usually regarded as characteristic of colloidal solutions“. 

I would venture to suggest, with considerable hesitation, that the key 
to this want of relationship between the “ mechanical “ and “ electrical ” 
viscosities in the case of colloidal solutions may perhaps be found in the 
nature of these solutions as suspensions of ultra-microscopic particles in 
a very dilute true solution (Hardy). In such cases as that of caseinogen 
a greater proportion of the body may be in true solution than in the 
case of gelatin. There may be some difference in the degree of 
obstruction to the movement of ions according as these collide with 
solid particles of a size greater than that of molecules, or whether fluid 
friction is the chief retarding factor“. To use a rough illustration, a 
man.in walking from one place to another may be less obstructed by 
having to thread his way through a crowd of people, occasionally coming 
into collision, than if he were obliged to wade through a pool of treacle. 

The electrical charges of the particles in colloidal solutions may also 
play a part in diminishing the number of collisions, a negatively charged 
ion in passing between a number of similarly charged particles would, 
presumably, owing to mutual repulsion, not be subject to as great a 
number of collisions as if passing between particles carrying charges of 
opposite sign to. that of its own charge. The matter is, however, of 
much complexity, although probably capable of experimental in- 
vestigation’. 


INCREASE OF INoRGANIC Ions. 


The results of the preceding section have shown that the facilitation 
of the movement of ions already present is insufficient to account for 
more than a small fraction of the actual increase in conductivity during 
trypsin digestion. It follows, therefore, that there must be a production 
of new electrolytes. 

1 See Lobry de Bruyn et Wolff, Rec. Trav. Chim. des Pays Bas, XXII. p. 155. 
1904. 

* See Carse and La by, Proc. Camb. Phil. Soc. xut. p. 287. 1906. 

8 See the discussion by Hardy, This Journal, xxx. p. 281. 1905. The results 
„ by me are in close agreement with those of Hardy. The work of Bous field on 


„ Tonic size in relation to conductivity,” Phil. Trans. A. 206, p. 101. 1906 is of interest also 
in this connection. 


4 
4 
7 
1 
E. 
q 
4 
— 
2 


232 W. M. BAYLISS. 


Since inorganic salts are, as a rule, better conductors than organic 
electrolytes, it is well to turn our attention in the first place to the 
possibility of a production or setting free (in the sense of ionization) of 
inorganic electrolytes. 

Although there is considerable evidence that inorganic salts are 
present in an adsorbed form in the majority of protein bodies’, their 
percentage amount is not great. At the same time, owing to their 
superiority over organic electrolytes as conductors, it is necessary to 
take into account the possibility of their becoming ionized in the 
process of tryptic digestion. It appears indeed probable that, the 
products of such action being less colloidal than the original substrate, 
their adsorbing power for electrolytes would not be so great. As will be 
seen, however, I have found it a matter of considerable difficulty to 
obtain direct evidence of the presence of a larger percentage of inorganic 
ions in the product of a trypsin digestion than before the action of the 
enzyme. At the best, moreover, the increase of conductivity could be 
only partially explained in this way. A particular sample of gelatin 
contained 00912 % of ash. This gelatin in 8˙5 % solution gave an 
increase of conductivity after 46 hours’ action of trypsin of 1776 
gemmhos. If the whole of the ash had consisted of as good a 
conductor as KC] a percentage content of the gelatin therein of 1°3°/, 
would have been necessary to produce this increase. 

The first experiment I performed was to determine by Neumann’s 
method the calcium content of the filtrates after precipitation by 
tannin of gelatin solutions before and after the action of trypsin. The 
values obtained were for 9 grins. of gelatin : 


Undigested ves 0°1043 grm. 
Digested on 155 0°1096 grm. 


The difference in favour of the latter is too small to be of much 
value as evidence, The actual values given do not represent the 
absolute calcium contents of the gelatin in question, since I found that 
the nitric acid used for oxidation contained a small amount of calcium. 
The same quantity of acid being used makes the relative values 
correct. 

The explanation of this negative result is I think to be found in the 
observation of Cramer and Swale Vincent* that the inorganic con- 
stituents of various organic bodies are set free when these substances 


1 See a paper by the present author, R 175, 1906. 
This Journal, xxx. p. 150. 1908. 
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are acted upon by various precipitants of basic bodies. I find that 
this is the case when gelatin is precipitated by tannin’. So that all 
the calcium would be found in the filtrate in both cases. 

This method being found of no value for the purpose I tried two 
different ones. In the first place, on the assumption that chlorine 
would be one of the components of the ash constituents, I estimated the 
change of concentration of CI- ions by a concentration battery of the 
kind already described : 

100 grms. of 15%, gelatin+1 be. 1 NaOH +1 erm. trypsin at 88° for eight days. 
Neutralized by addition of 1 6.6. J H,80,. Placed in one calomel electrode, the other 
containing 1 KCl. The u u. 7. found was 0-1863 volt. 

Caloulating by Nurnst's formula the concentration (as KCl) of the chlorides of 
the gelatin, assuming complete dissociation in the digest and 0°68 dissociation of the 


normal KCl, the value comes out to be II or 0068 %. 


A similar preparation in which the trypsin had previously been heated to 100° gave 
r. 0-1415 or as KCl 130 088 


In this experiment there was evidence, therefore, of an increase of 
chlorine ions corresponding to 001% of KCl. But I would not lay 
much stress on this result, since the solutions were of a complex nature 
and there is some uncertainty as to the actual process at the electrode. 

In the second place I have made some experiments by filtration of 
digested and undigested gelatin through Martin's gelatin filter“. For 
this purpose I used D’Arsonval’s apparatus for sterilization by means of 
liquefied carbon dioxide. The brass tube, into the lower end of which 
was screwed the porcelain candle impregnated with gelatin and treated 
with formalin, was filled with the solution to be filtered and connected at 
the top to a cylinder containing liquid carbon dioxide. By this means the 
pressure was kept continuously at about 50 atmospheres until sufficient 
filtrate had been collected. In the case of the undigested gelatin it 
was necessary to keep the tube warm by surrounding it with a coil of 
pipe through which a current of water warmed to about 50° C. was 
allowed to flow. It was not found that the filtrate contained any 
considerable amount of dissolved carbon dioxide, not sufficient to come 
off in bubbles ; this was perhaps due to the fact that there was a layer of 
toluene on the surface of the liquid in the filter which prevented easy 

_ 1 „Adsorption phenomena, loc. cit. p. 209. 


2 This Journal, xx. p. 864. 1896. See also Reid, This Journal, XXVII. p. 161. 1901, 
and Craw, Proc. Roy. Soc. B. uxxvu. p. 311. 1905. 
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access of the carbon dioxide. In all cases any dissolved CO, was 
driven off by boiling in vacuo before determining the conductivity; the 
water lost was determined by weighing before and after exposure to 
vacuum and replaced by the necessary amount of distilled water. The 
total solids in a measured volume of each filtrate were estimated by 
evaporating to dryness in a platinum capsule on the water-bath and 
drying in a toluene oven at 110°. This solid was ashed by carefully 
heating to low redness by a Bunsen burner until the carbon had only 
just disappeared. The results were as follows: 


solids Ash in 
in e. c. in grms. grms. Total solids Ash 
Undigested, Exp. 1 75 0˙5032 0-0310 0-6755 0-041 
Digested 170 8-8 0-0668 2-28 00391 
Undigested, Exp. 2 108 0-1748 0-0453 0-1618 0-042 
Digested 100 2-109 0°0457 2-109 0-0457 


In experiment 1 a 3°/, solution of Nelson’s gelatin washed previously 
with dilute acetic acid and distilled water was taken, and in experiment 
2 an 8˙5 /, solution of Coignet’s gold label gelatin. 

It will be seen that there is no difference in ash of the filtrates from 
the digested and undigested preparations. At the same time I am 
inclined to think that the action of the carbonic acid dissolved under 
pressure was to split off the adsorbed electrolytes from the unaltered 
gelatin. The conductivity of the original solution was 1854 gemmhos, 
whereas that of the filtrate was 2881 gemmbhos, after boiling off in 
vacuo dissolved CO,. These experiments cannot therefore be regarded 
as decisive. 

In the case of gelatin the evidence on the whole seems to indicate 


that the splitting-off of inorganic electrolytes takes but a small share in 


the increase of conductivity. 

In confirmation of this I may refer to an experiment in which it 
was found that an equally great rise of conductivity took place in the 
case of gelatin which had been repeatedly extracted by distilled water 
as in that which had not been so treated. Also that a preparation of 
Harnack’s “ash-free” albumin, obtained from Griibler, gave as much 
increase as ordinary egg-white. | 

Caseinogen is believed to give off its phosphorus under the action of 
trypsin as inorganic phosphate. In order to obtain evidence as to the 
share this might have in the increase of conductivity I made, in 
conjunction with Aders Plimmer, a number of determinations of the 
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phosphorus split off at various stages of the reaction’. We found that 
only about one-fourth of the total phosphorus in the filtrate after precipita- 
tion by tannin is in the form of inorganic phosphate, the remainder being 
in the form of a peptone-like body. The time-course of the separation of 
the inorganic phosphate is, in its earlier stages, parallel to the course of 
the conductivity, but, after some three or four hours, the former ceases to 
increase whereas the latter continues to rise fairly rapidly for several 
further hours. A little consideration will also show that the amount of 
inorganic phosphate produced is too small to account for more than a 
part of the rise of conductivity. Thus: in experiment No. 4 (p. 443 
of the paper referred to) it was found that a 5°/, solution of caseinogen 
increased in conductivity by 3580 gemmhos in 14 days and 0°098 grm. 
of phosphorus, reckoned as P,O,, had been split off per 100 cc. of 
solution. Of this ove-quarter is in inorganic form and, assuming it to 
be Na,HPO,, would account for a rise of conductivity of 1000 gemmhos 
or about 27 % of the observed amount. It appears then that, in those 
cases where trypsin separates off inorganic phosphates, these salts are 
capable of producing a certain part of the increase in electrical con- 
ductivity which takes place. At the same time it will be seen from the 
data given that there is some additional cause even in the case of 
caseinogen. The same fact can indeed be shown in another way. In 
the paper by Aders Plimmer and myself, above referred to, the action 
of dilute alkali on caseinogen is described. It was found that 1°/, 
caustic soda splits off the whole of the phosphorus from caseinogen in 
24 hours, leaving a body free from phosphorus but otherwise very similar 
in its properties to the original caseinogen. Now this body, which we 
propose to call “apocasein,” shows on digestion by trypsin almost as 
great a rise of conductivity as caseinogen itself. In one experiment 
there was a rise of 2730 gemmhos in 24 hours, which must clearly have 
been due to some process other than the separation of inorganic 
phosphate. 


PRODUCTION OF PEPTONES. 


Recent measurements by Walter Neumann’ have shown that 
peptone as produced by the action of pepsin on fibrin and prepared by 
Siegfried’s method“ is a body of strongly acid properties and possessed 
of considerable electrical conductivity. The molecular conductivity of 

1 This Journal, XXIII. p. 439. 1906. 


2 Zeitech. f. physiol. Chem. Xv. p. 216. 1905. 
Curt Borkel, Zeitsch. f. physiol. Chem. xxxv. p. 289. 1902. 
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“pepsin-fibrin-peptone @” is from 15 to 20 recip. ohms according to 


conceptration of solution and on the basis of a molecular weight of 515. 
This seems to be a very high value, and naturally suggests the presence 
of inorganic salts; at the same time great care was given to the exclusion 
of this source of error. 

If, then, the bodies called “peptones” have so considerable an 
electrical conductivity it would seem that they are responsible for the 
greater part of the rise in trypsin digestion. 

In support of this view the following results may be brought 


Tannin in acid solution does not precipitate peptone, or only certain 
of the bodies known by this name’. It was therefore of interest to 
compare the curve of the nitrogen content of the filtrate from tannin 
precipitation with the curve of the conductivity in trypsin digestion. 
This has been done and the results are given in the curves of Fig. 2. 
The values are taken from two separate digestions of caseinogen and, 
for comparison, some other results are included as follows: 

Curve A represents the time-course of the nitrogen contained in the 
filtrates from precipitation by hot trichloracetic acid, i.e. the difference 
between its ordinates and the upper boundary of the figure represents 
the amount of unaltered caseinogen present. It will be noted that all 
through after the second hour there was a very slight precipitate with 
trichloracetic acid, but that this was constant and evidently due to a 
body not attacked by trypsin, possibly nuclein. 

Curve B represents the nitrogen in the filtrate after 4 saturation 
with ZnSO,; da, regarded in the same way as A, it represents the 
proteose present at each stage. 

Curve C in the same way represents the nitrogen in the tannin 
filtrate. 

Curve D the nitrogen of the phospho-tungstic filtrate. The 
precipitation was performed in dilute solution and the curve therefore 
represents, in the main, the mono-amino-acids produced. 

The numerical values of ordinates given on the left-hand side refer 
to the nitrogen curves and are decigrams of nitrogen per cent. 

Curve E, in dotted lines, is that of the electrical conductivity. The 
origin is taken from the level of O in the scale of the right-hand side of 
the figure, which gives conductivity values in gemmhos, This was done 
in order not to confuse the curve with that of the tannin filtrate. 


* Bee P. Mey, Zeitsch. f. physiol. Chem. xuvm. p. 81. 1906. 
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It will be seen that the curve of the conductivity follows closely that 
of the nitrogen in the tannin filtrate; it therefore serves as a good 
indicator of the amount of peptone and amino-acids present in the 
digest at any stage of the reaction. 


* 
cs 
* 
-/F00 
— 
-O 
7 § 9 Jo hours 
Fig. 2. . 


In the case of gelatin it is to be presumed that the chief electrolytes 
produced are the gelatin-peptones, since it is doubtful whether amino- 
acids are formed in any considerable degree. That organic electrolytes 
are produced is shown also by the results of the gelatin filter experiments 
already described; the filtrates from the digested and undigested 
samples although containing, within the limits of experimental error, 
the same percentage of inorganic salts, differed considerably in electrical 
conductivity : 


Undigested ees 2470 gemmbos. 
Digested 3615 gemmbhos, 


The conductivity of the digested gelatin before filtration was 3630 
gemmhos, so that practically all the electrolytes were such as to pass 
through gelatin. 7 

In confirmation of the results of Walter Neumann, referred to 
above, I have found the electrical conductivity of various peptone 
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preparations which I have been able to obtain to be very considerable. 
At the same time it must be stated that none of my preparations were 
ash-free, so that the values of the electrical conductivity obtained had 
to be diminished by that of the inorganic constituents, and cannot 
therefore be regarded as of any great accuracy. 


The value of the conductivity of the ash constituents was determined by evaporating to 
dryness a weighed quantity of the peptone solution on the water-bath. By this means the 
concentration of the solution used was obtained. The dry residue was next heated just suf- 
ficiently to char the organic material. The char was extracted with distilled water. The 
residue was then completely ashed at a low red heat, dissolved in the first extract and 
made up to original volume of solution. As a rule a very small amount of ash remained 
undissolved. 

Prep. 1. Ampho-peptone” prepared by myself, by Kühne's method. Faintly acid 
to litmus. Insoluble in alcohol. 4°9°/, solution. Conductivity at 39°6°= 1250 gemmhos. 
That of the ash was 403 gemmbhos, so that the peptone itself had a conductivity of 847 
gemmhos, or for 5% solution, 864 gemmhos. 

Prep. 2. A preparation obtained from Grübler and labelled ‘‘ Ampho-peptone nach 
Kühne puriss.” Contained ne barium nor ammonium sulphate, 


Conductivity of 8-7 % solution ves — 555 gemmhos 
” ” — wee 120 ” 
& * „ peptone 4. 435 
or for 5% solution * 588 + 


Prep. 8. An alcoholic (96 % ) extract of Witte’s peptone. The peptone contained 
water, since it was not previously dried. The extract was evaporated to dryness and a 
76 / solution made, which was acid to litmus. 


Conductivity of solution bin ms 20,150 gemmhos 
” ash wee 11,100 ” 


2 „ „ peptone one Ses 9,050 15 
or for 5% solu 5,940 
Another determination of the same preparation in stronger solution 
gemmbos reckoned for 5% solution. It appears from the above result thet ne 
substance soluble in alcohol of about 80°/, of high conductivity is present in Witte’s 
When a peptone preparation of Hopkins and Williams was dried in a toluene 
bath it was feund that 96°/, alcohol extracted only 0-02 grm. from 25 grms. of the 
peptone, i.e. less than 0°1°/,. This was found to consist almost entirely of inorganic salts. 
At the same time a small amount of organic substance was present which appeared to have 
a high conductivity. In this particular preparation then there is only a trace of a body 
soluble in 96 %% aloohol. The various commerical “ peptones” are known to have very 


variable compositions, so that the result given above is not be tak tradicting those 
of Pick. 


On the whole it is clear that the organic constituents of peptone 
preparations have a high conductivity, although, as previously stated, 
the considerable percentage of ash makes the exact values somewhat 
uncertain. 
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An attempt was made to obtain a purer preparation by precipitation with phospho- 
tungstic acid, thoroughly washing the precipitate with dilute sulphuric acid and decom- 
posing with barium hydroxide. It was found that 1-71 grm. of the body obtained 
contained 0-156 grm. of ash (i. e. 9°1°/,) which almost entirely dissolved with effervescence 
in hydrochloric acid, a small quantity being insoluble. The ash therefore presumably 
consisted of barium carbonate with a little sulphate, and the preparation was a barium 
„ peptonate.“ Peptone appears to be a sufficiently strong acid to displace carbonic acid 
from its combination with barium. 

A 15 %¾ solution of the substance had a specific conductivity of 5480 gemmhos. 


In the filtrate from tannin precipitation of a trypsin digest there are 
also present various mono-amino-acids to which attention will now be 
given. In the case of gelatin, amino-acids are only split off by trypsin 
comparatively slowly, so that the rise of conductivity here must be 
mainly due to the “gelatin-peptones” formed. 


PRODUCTION OF AMINO-ACIDS. 


As shown by the curve D on Fig. 2 there is from the beginning a 
certain production of bodies not precipitable by phospho-tungstic acid. 
This result is in agreement with those of previous observers. Tyrosin, 
in fact, is usnally to be seen deposited in less than 24 hours when 
caseinogen is used as substrate. 

Although scattered determinations of the conductivity of some 
amino-acids are to be found in various papers, I have been unable to 
find any relating to leucine, which is that one of most interest in the 
present connection, being the most abundant of those produced in the 
tryptic digestion of the proteins dealt with here. 

I have also thougbt it worth while to make determinations of the 
conductivity of some other amino-acids under the same conditions of 
temperature, etc., as the digestion experiments were made’. 

Some preliminary experiments showed that the conductivity of the 
mono-carboxylic series, glycocol, leucin, eto. was by no means high. It was 
therefore of great importance to obtain preparations free from inorganic 
salts. As slight contamination with nearly related amino-acids was of 
much less consequence, it seemed that the fractional distillation of the 
ethyl-esters by Emil Fischer's method was the best available. The 
esters of the mono-carboxylic series can be hydrolyzed by boiling with 
water and by this means pure solutions of the amino-acids can be 
obtained. 


1 For the theory of amphoteric electrolytes see the papers by James Walker in Proc. 
Roy. Soc. uxxyt. p. 156. 1904, and xx. p. 271. 1904. 
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Owing to the considerable time taken in these manipulations I have 
only been able to prepare glycocol, alanine, leucine and glutamic acid 
by the ester method. 


Glycocol. The ethyl-ester was prepared from the hydrochloride as supplied by 
Kahl baum. This was distilled under diminished pressure, a considerable part remaining 
in the flask. The dirsillate was hydrolyzed by boiling for several hours with conductivity 
water in a Jena glass flask with a reflux condenser also of Jena glass. The free amino-acid 


was recrystallized from dilute alcohol, washed with alcohol and ether and dried. A 10 


solution of this was found to have a conductivity of 104 gemmhos ; the water used had a 
conductivity of 1°9 gemmhos, so that the value for the glycine itself was 8°5 gem mhos. 
The glycocol used had a melting-point of about 240°, determined by the method of 


Kutscher and Otori“ but it began to char before melting. 


That the setting-free of glycocol produces an increase in con- 
ductivity is shown by the experiments of Euler“ who found such to 
take place in the action of erepsin on glycyl-glycine. I have found that 
a similar rise takes place in the action of trypsin on glycyl-tyrosin, in 
fact a 5% solution, which was not free from ammonium chloride, 
showed a rise of about 900 gemmhos in four days. The “ biuret-base ” 
of Curtius, which is tri-glycyl-glycine-ethyl-ester’, also shows an 
increase in conductivity on hydrolysis. Further experiments on poly- 
peptides are in progress. For the present purpose it is sufficient to 
note that the setting-free of glycine produces a rise in conductivity. 


Leucine was obtained by fractional distillation under reduced pressure of the ethyl-esters 
of the first crop of crystals coming out on concentration of a tryptic digestion of caseinogen, 

the tyrosin having first been filtered off. A small amount of distillate was collected below 
40° at a pressure of 85 mm. Hg, this consisted chiefly of alcohol and was rejected. Nothing 
more came over until a bath-temperature of 75°—80° was reached, at which temperature 
and at a pressure of 2 mm. Hg a considerable quantity was collected. Again, no further 
distillate came over until 120° in oil-bath was reached, when a second large amount was 

The fraction coming over at 80° was no doubt nearly pure lencine-ester. It was 
hydrolyzed by boiling with water as described for glycine, most of the leucine crystallizing 
out on cooling, 

The melting-point was found to be, in sealed tube, 280°. The value found by Fischer 
was some 7° or 8° higher. Cohn found 275°—276°. The differences are probably to be 
explained by the effect of varying rates of heating. 

The solubility of the preparation in water at 88° was 8-17°/,. 

Its rotatory power was, in 219% Hol, 


fo} =+18-16°. 


1 Zeitech. f. physiol. Chem. XIII. p. 193. 1904. 
* Zeitsch. . physiol. Chem. ux. p. 218, 1907. 
Curtius, Ber. d. D. Chem. Ges, xxxvn. p. 1284. 1904. 
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In deci-molecular solution the electrical conductivity was very low, only 9-23 gemmhos 
at 39°4°. When one considers that a fairly good distilled water has, at 18°, a conductivity 
of 2—8 gemmhos, 10 KCl 11,190 gemmhos, the very slight ionization of leucine in a solution 
of the above strength is obvious. 

When the conductivity of a 10 solution is calculated from that given by a 5 · 17 „% the 
value of 64 gemmhos was obtained, and from a 12°5°/, solution (leucine less pure and 
more soluble) only 3-6 gemmhos. 

From the values of the physical constants given the preparation may 
be taken as practically pure leucine. It possibly contained a small 
amount of amino-valerianic acid, but this would affect the conductivity 
only to a very slight degree. 

The sharp fractionation of the esters of the first crop of crystals is 
interesting and indicates that this crop consisted almost entirely of 
leucine and glutamic acid. It will be remembered that it was shown by 
Fischer and Abderbhalden’ that all the proline and phenyl-alanine 
contained in caseinogen is to be found, after the action of trypsin, in a 
complex polypeptide which contains in addition other amino-acids. In 
the case before us this polypeptide would be left in the mother-liquor, 
which would also probably contain the more soluble amino-acids set free 
by trypsin, such as glycine and alanine. It would appear therefore that 
the simple composition of the first crop of crystals is to be accounted for 
in this way. The small fraction of aspartic acid produced would 
probably be partly contained in this crop, but it was not specially tested 
for. 

Alanine. A preparation obtained from Merck was recrystallized five times from dilute 
alcohol, but it was found that by this means it could not be obtained free from ash. The 
ethyl-ester was therefore made, distilled and hydrolyzed as in the cases of glycine and 


leucine ; the ester distilled over under a pressure of 9 mm. Hg at 47° temperature of water- 
bath. 


The body so obtained had a melting-point of 279° and a conductivity in 10 solution 
(0-891 % of 100 gemmhos. 


It will be noted that this value is slightly higher than that of either 
glycine or leucine, and, although at first sight anomalous, it is in 
agreement with the determinations of Winkelblech*, who found that 
alanine is at the same time both a stronger acid and a stronger base than 
either of the two former. 

Phenyl-Alanine. Although not strictly belonging to the amino- 
acids produced in tryptic digestion it seemed of interest to compare the 
conductivity of phenyl-alanine with alanine. 

1 Zeitsch. f. physiol. Chem. XXXIX. p. 81. 1903. 
® Zeitech, . physik. Chem. xxxvi. p. 587. 1901. 
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Accordingly I prepared a specimen of synthetic phenyl-alanine by the method of 
Emil Fischer’. This had a melting-point of 250° and was soluble in water at 38°25° to 
the extent of 2°21°/,. A solution of this strength had a conductivity of 835 gemmhos. A 


7; solution being 1-652 „J, its conductivity calculated from the above would be 26-2 


gemmhos, 
The effect of the phenyl group is thus seen to be to raise the 
conductivity as compared with alanine. 

Proline. Dr Aders Plimmer kindly placed at my disposal a specimen prepared by 
him by the acid hydrolysis of gelatin. This had a melting-point of 206°—207°. In 
solution of 1°177°/, it had a conductivity of 18-1 gemmhos, Caleulated for 10 solution 
(=1-1518%,) the value is 12°8 gemmhos. 


Proline is of course not strictly an amino-acid, having a NH group 
and not NH,. Since the conductivity of an amphoteric electrolyte is, 
so to speak, a compromise between its properties as a base and an acid, 
the acid function predominating, it would be expected that the 
conductivity of proline would be low, since the NH has stronger basic 
properties than NH, and therefore opposes the effect of the carboxyl 
to a more considerable degree than does the latter. 

In all probability the value for the conductivity of proline given 
above is rather too high, since the sample used was not specially 
purified. 

From the above results as a whole it appears that the mono- 
carboxylic mono-amino acids contribute comparatively little to the rise 
of conductivity in tryptic digestion. 

Aspartic acid. In the case of the esters of the di-carboxylic amino- 
acids mere boiling with water does not smoothly hydrolyze them to the 
corresponding acids, so that the method used above does not present any 
great advantage over that of repeated recrystallization from water, since 
the preparation obtained by boiling with barium hydroxide would have 
to be purified in this way. 

I took therefore a specimen of aspartic acid obtained from Hopkins and Williams 
and recrystallized it from conductivity water until the mother-liquors of two consecutive 
recrystallizations showed the same conductivity. For this purpose it was necessary to 
repeat the process five times. The acid thus obtained was only soluble to the extent of 
0˙888 % in water at 38°. The conductivity of this solution at 32°6° was 912 gemmhos. 
Calculated from this value that of a deci-molecular solution (=1°831°/,) would be 1420 


gemmhos. The value calculated from that of a 0:3035°/, solution amounts to 2520 
gemmhos. The acid used in these determinations had a specific rotatory power of 


=25-15° in 21-99, HCl. 


Ber. d. D. chem. Ges. XXVII. p. 8062. 1904. 
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Aspartic acid then, contrary to the mono-carboxylic acids, has a high 
conductivity. This is in agreement with its other properties as a fairly 
strong acid’. In fact when we consider that one carboxyl group is 
more than sufficient to neutralize the effect of the NH, we see that the 
second COOH is more or less free to exert its H“ ion-producing power. 

Glutamic acid. This body is of much importance in the hydrolytic 
action of trypsin, since it is contained in considerable proportion in most 
proteins“. 


I have had some difficulty in preparing it in a state of sufficient purity for oonduotivity 
determinations, but found the best method to be from the hydrochloride which separates 
out from the products of hydrolysis of casein on saturation with HCI“. This was recrystal- 
lized and then decomposed by moist silver oxide. To free the solution from ammonia it 
was evaporated in vacuo at 40° and the silver glutamate decomposed in the usual way by 
sulphuretted hydrogen. The free acid was then recrystallized five times from conductivity 
water. 

It was soluble to the extent of 1-76 % in water at 38°5°. 

Its melting-point was 195° by the method of Kutscher and Otori. In my hands, 
however, this method gives results about 5° lower than the ordinary method of immersion 
in sulphuric acid. 

Its specific rotatory power was 

= + 29°6° 
when dissolved in equivalent amount of HCl. This value is very slightly below that 
found by Fischer; my preparation was probably racemized to a small extent by the 
silver oxide used. 

‘The conductivity of a 1°76 % solution was, at 39-4°, 857 gemmhos. From this value 
that of a 10 solution (1-471 % would be 716 gemmhos, 

A second determination was made on a specimen kindly placed at my disposal by Dr 
Aders Plimmer, This was obtained from hydrolysis of gelatin. It had a melting-point 


of 205° and was soluble in water to the extent of 1-975°/, at 39°. The conductivity of this 
solution was 1104 gemmhos or for 10 822 gemmhos. It was therefore not quite so pure as 
the first preparation, but had only been once recrystallized. 

A third preparation was made from the di-ethyl-ester. The recrystallized glutamic acid 
hydrochloride was esterified by HCl gas in the usual way“. The ester, set free by potas- 
sium carbonate, distilled over at 1-5 mm. Hg and temperature of oil-bath of 115°—120° C. 
It was hydrolyzed after removal of the phenyl-alanine ester by ether“, by heating on 
the water-bath with a known amount of barium hydroxide, which was afterwards removed 


1 Bee Walden, Zeitsch. f. physik. Chem. vin. p. 482. 1891. 

2 See the table in Cohn heim’s Chemie d. Eiweisskirper, 2° Aufl. 1904, pp. 42—47. 

2 For two samples of this substance, my thanks are due to Mr P. Hamill of the 
Cambridge Physiological Laboratory. 

In the filtration of small amounts of the hydrochloride from strong hydrochloric acid 
the platinum-sieve filter will be found of much service. (Aders Plimmer and Bayliss, 
This Journal, xxx111. p. 439. 1906.) 

4 Fischer, Ber. d. D. chem. Geselisch, xxxty. p. 433. 1901. 

5 Fischer, Unters. uber Amino-sduren, Polypeptiden u.s.w. 8. 59. 1906. 
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by the addition of the equivalent quantity of sulphuric acid. The glutamic acid was five 

times reorystallized from conductivity water and had then in 30 solution at 89°8° C. a 
: -poi soluble in 

specific conductivity of 498 gemmhos. Its melting-point was 208°C., it was 

water at 87 C. to the extent of 1-92°/,, and this solution had a conductivity of 1046 

gemmhos at 39°3°. 


Although the conductivity of glutamic acid is, then, not so high as 
that of aspartic acid, it is, nevertheless, very considerable. 

Since glutamic acid evidently plays a considerable part in the rise 
of conductivity under the action of trypsin it is to be expected that 
bodies like gliadin, which contains more than 37 / of glutamic acid, 
would give an unusually bigh increase in these circumstances. 


The substance used was obtained by the extraction of commercial gluten with 70% 
alcohol at 89°. A 2˙5 % solution of this in dilute ammonia showed an increase of 2600 
gemmhos in 24 hours or double that shown by caseinogen. 


When we consider that comparatively strong acids like aspartic and 
glutamic are produced by the action of trypsin it is not surprising to 
find that under some conditions a trypsin digest may actually become 
acid to litmus. I noticed this in a digest of caseinogen made for the 
purpose of obtaining tyrosin and in which 2 Cc. of 880 ammonia per 
litre of 10% caseinogen were added at the commencement. Dr Hopkins 
informs me that he also has made the same observation. 

This circumstance is of considerable importance in two respects, 
one practical and the other theoretical. It shows that, if a trypsin digest 
is required to proceed as far as possible, alkali must be added during 
the course of digestion, since trypsin is enormously increased in 
activity by OH- ions. Secondly, it is very usual in reactions catalyzed 
by enzymes that the reaction-velocity falls off considerably below that 
given by the logarithmic law of mass-action. This was shown by 
Tammann for emulsin and by myself for trypsin as well as for other 
enzymes by other workers. Now it was found by Visser* that, if the 
reversibility of the reaction is taken into account, a part of the deviation 
can be explained, but not the whole; he, therefore, introduced the 
conception of a change in the intensity of activity of the enzyme during 
the progress of the reaction, independent of any destruction of the enzyme. 
In the form of “auto-catalysis” a similar phenomenon is well known in 
chemical reactions, a typical instance being that of the action of nitric 


Osborne and Harris, Amer. Journ. of Physiol. xm. p. 85. 1905. 


* Zeitech. f. physik. Chem. um. p. 257. 1905. See also the discussion by Moore in 
Recent Advances in Physiology, 1906. 
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acid on copper as accelerated by the nitrous acid produced. Such auto- 
catalysis may be positive or negative and I think there can be no doubt 
that the development of acids in trypsin digestion is an instance of the 
latter. I hope to return to this point in a future paper. 

Lysine. This is the only representative of the di-amino-acids or 
hexone-bases that I have been able as yet to obtain in a sufficient 
degree of purity for conductivity measurements. An amount of 
inorganic impurity inappreciable by chemical means vitiates seriously 
the accuracy of such determinations. 


The picrate was first made by the method of Kossel and Kutscher! from the 
products of acid hydrolysis of caseinogen. This was recrystallized, decomposed by 
H. 80, and the picric acid removed by extraction with ether. The sulphate was again 
precipitated by phospho-tungstic acid, washed repeatedly with 5°/, pure sulphuric acid, 
decomposed by barium hydroxide, excess of the latter removed by CO,, evaporated to 
dryness on water-bath, extracted with water and the conductivity of the solution of lysine 
carbonate determined as follows : 

Concentration of the solution * 
Conductivity at 4500 gemmhos 


in a control experiment (without lysine) to be 105 gemmhos. The value is then reduced 
to 4885 gemmhos. 

In order to obtain the hmmm which crystallized 
out on concentrating the above solution, in a known volume of = 5 H. 80., boiled in vacuo 


to expel CO,, and an exactly equivalent amount of barium hydroxide added. Filtered in 
the open air (in my garden at Hampstead) directly into conductivity vessel. 

The concentration of the solution was 1-505 %% 

Conductivity at 39°4°, 962 gemmhos. 

The conductivity of the ash determined by the method of charring was 45 gemmhos, 
0 that the above value must be reduced to 917 gemmhos. 

On the basis of this number the conductivity of a deci-molecular solution (= 1°46 %)) 
would be 890 gemmhos. 


It appears then that the di-amino-acids have a high conductivity, 
but I do not wish to lay much stress on the exact value given. At the 
same time the amount of inorganic impurity seems to have been 
infinitesimal if the conductivity value of the ash be correct. Moreover 
on complete incineration a just visible film was left on the platinum, 
too minute to be weighed. 

In respect to the hexone bases, it is of interest that scombrine sulphate and clupeine 
carbonate, which I prepared by Kossel’s method, although not acted on by trypsin with 
any great rapidity, ultimately showed a considerable rise in conductivity. 

The scombrine sulphate was not completely free from histone and nucleic acid. A 49% 


solution increased in conductivity by 4440 gemmhos in 4 days. The ash, however, was 
considerable and accounted for 856 gemmhos. 


1 Zeitech. f. physiol. Chem, xxxt. p. 165. 1900. 
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The clupeine carbonate was carefully freed from the above contaminations and gave in 
7:8 % solution an increase of 940 gemmbos in 4 days. 

Taking into consideration all the facts given in this section it will 
be obvious that, although the mono-carboxylic mono-amino acids 
contribute but little to the rise of conductivity under trypsin, the 
di-carboxylic amino-acids (aspartic and glutamic) play a considerable 
part, as do also, in all probability, the hexone bases. 

This being so, it would naturally be expected that the products of a 
peptic digestion, even a protracted one, would manifest an increased 


conductivity under tryptic digestion. Experiment shows that such is 
the case. 


Exp. Caseinogen was digested by pepsin and 10 Sulphuric acid for 4 week. The digest 
was neutralized by ammonia and evaporated to dryness. The residue, which contained 


some ammonium sulphate, was made into a 5°/, solution in z ammonia and subjected to 


the action of trypsin at 89°7° C. In the course of five days the conductivity increased by 
2900 gemmbhos. 

A word may here be said as to gelatin. In the digest filtered 
through Martin’s gelatin filter obtained in the second of the two 
experiments described in the third section of this paper, a total 
nitrogen percentage of 0°628 was found by Kjeldahl’s method. Of this 
0°123 °/, was precipitated by tannin and 0°476 by phospho-tungstic acid, 
so that the filtrate of the digest contained 0-152 %/ of nitrogen in a form 


unprecipitated by phospho-tungstic acid, ie. 30°/, of the whole. No doubt 


part of this was split off from the trypsin by auto-digestion, but even if 
we allow for the whole of the nitrogen contained in the trypsin to have 
become non-precipitable by phospho-tungstic acid, there remains 22°/, 
to come from the gelatin. This result is in agreement with those of 
Levene’, who found amino-acids produced in the digestion of gelatin. 


SOME PROPERTIES OF AMINO-ACIDS. 


It remains to refer to certain properties of amino-acids which are of 
importance in connection with the present subject. | 

1. Solubility of mixtures of amino-acids. It is well known how 
very much more soluble amino-acids are in solutions of other amino- 
acids than in water, so that as they are purified their solubility 
diminishes. This was particularly striking in the case of the glutamic 
acid described above. Although of course a certain amount was lost in 


Beitech. f. physiol. Chem. p. 8. 1906. 


‘ * 
1 
* 
Z 
af 
a 
* 
— 


ENZYME ACTION. 247 


the mother-liquor of each recrystallization it was found that each time 
more water was required to dissolve the crystals than had been required 
to dissolve the larger quantity of less pure crystals of the previous 
recrystallization. It seemed worth while to make some exact measure- 
ments of the solubility of these acids in each other. 


A particular sample of leucine was soluble in water at 16° to the extent of 12°5°/,, in a 
5 % solution of glycocol it dissolved to the extent of 16°35°/,. With aspartic acid the 
effect was more marked. In water at 16° aspartic acid was soluble only to 0°324°/,, 12°5°/, 
leucine dissolved 10-6 °/,, or 30 times as much as water. 


Since aspartic is a moderately strong acid the idea suggests itself 
that perhaps a kind of salt, say leucine aspartate, may be formed. 

To test this, a mixture of two mols. of leucine and one mol. of aspartic acid in solution 
was taken and its various properties tested as follows: 

The optical activity of the mixture was practically that of a simple mixture, viz., 
{a}, calculated 20-38°, found 19°93°. When concentrated by evaporation the first crop 
of crystals was practically pure leucine, having a dal of 18°4°, that of the leucine em- 
ployed being 18°16°. Its electrical conductivity was slightly higher than that of leucine, so 
that some aspartic acid was contained in it. The second and third crops were not 
investigated, the fourth crop was mainly aspartic acid, having an optical activity of 
[a], =20°65°, that of the aspartic acid being 25-15°. It contained leucine as shown also 
by its conductivity being less than that of aspartic acid and also its solubility in water 
was much greater than that of this latter. When the solution of the two acids was 
allowed to evaporate slowly at room temperature, two distinct sets of crystals formed, 
one of long needle-shaped crystals near the top of the solution, consisting of leucine and 
the other small, hard grains at the bottom of the beaker, apparently aspartic acid. 


There is, then, no evidence of a salt formation, but it is remarkable 
that, although leucine is so much more soluble than aspartic acid, yet on 
concentration the former comes out first, a familiar fact in the treatment 
of trypsin digests, where the first crop of crystals, although containing 
glutamic acid, is chiefly leucine. 

The question of the electrical conductivity of the mixture will be 
best discussed in the next section. 

2. The electrical conductivity of certain salts of amino-acids. 

It is well known that when solutions of a strong base and a strong 
acid are mixed in equivalent proportions, so that a neutral salt is 
produced, the electrical conductivity of the salt is considerably less 
than the sum of the conductivities of equi-molecular solutions of the 
acid and base from which it was formed. A similar phenomenon is seen 
when one of the reacting bodies is a weak acid or base and the other a 
strong base or acid. The facts are readily accounted for on the 
electrolytic and hydrolytic dissociation hypotheses. On the other hand 
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when both the acid and base are weak the electrical conductivity of the 
solution of the salt is considerably higher than the sum of its constituents. 
This fact, which was, I believe, discovered by James Walker in the 
case of aniline acetate and mentioned by him to Arrhenius’ has not 
yet received a complete explanation. It is obvious that, even if the 
salt were totally dissociated hydrolytically, its conductivity could not 
exceed the sum of that of its constituent acid and base. There is, in 
fact, a relatively very large electrolytic dissociation of the salt into its 
ions; but why this takes place is not known. It has been suggested that 
the phenomenon is due to a peculiar kind of dissociation of ammonium 
derivatives. To compare with the case of amino-acids to be given 
presently I give here the results of an experiment with aniline 
acetate : 


430 solution of acetic acid had at 21°8° C. a specific conductivity of 330 gemmhos, 
and a solution of aniline of the same concentration that of 13 gemmhos, the sum being 


843 gemmhos. A mixture of equal volumes of = solutions of these bodies, so that the 


salt formed was in 30 concentration, had a specific conductivity of 1518 gemmhos. 


If amino-acids formed salts with one another, the one acting as base 
and the other as acid, it would be expected that the mixture would 
have a higher conductivity than the sum of its constituents. Before 
testing this it seemed advisable to make a few determinations of the 


behaviour of amino-acids when combined with other acids and bases, 
not amphoteric in nature. 


In all the following observations the solutions were mixed in equal volumes of 19 


solutions, so that the conductivities given are those of 3) solutions of the salts and the 
m 

sums are those of 30 solutions of the acid and base in each case, The temperature of the 

thermostat was 21-8. 


Conductivity in gemmhos 
Constituents ‘Sum Mixture 
Leucine and NaOH 9698 2958 
Leucine and NH,OH 235 1548 
Leucine and Leucine-ester 82°5 359 
Leucine and HCl 17,948 7585 
Leucine and acetic acid 333 267 


The above results show that leucine behaves normally as a weak 
acid, both in combination with strong and weak bases, But as a weak 
base it appears to combine only with strong acids. If it combined with 


See Arrhenius, Zeitech. f. physik. Chem. v. p. 18. 1890, 
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a weak acid, like acetic, the conductivity of the mixture should be 
greater than the sum of its components, whereas it is less. This latter 
fact may admit of two different interpretations. Either no combination 
takes place at all, in which case the fall of conductivity is due to the 
two acids, acetic and leucine, not being in isohydric concentration, or 
leucine is such a weak base that acetic behaves towards it as a strong 
acid. Another possible explanation of the failure to combine is that 
leucine in solution is in a state of internal anhydride and that, while 
strong acids can hydrolyze this body and so set free the NH, to combine 
with, weak acids are unable to do so. 

Now when leucine is mixed with aspartic acid or glycine the result 
is similar to that of mixing it with acetic acid, viz. a fall of conductivity 
as compared with the sum of the components. Thus: 


— — 

Constituents Sum Mixture 
10 leucine + 5 aspartic acid, equal parts 448 418 
10 leucine 10 glycine, equal parts 6°74 8°74 


The assumption that the fall of conductivity in the mixture is due 
to the two solutions mixed not being isohydric is confirmed by the 
following results on the corresponding fatty acids :— 


Conductivity in gemmhos 
Constituents Sum Mixture 
20 isocaproic acid . 40 suocinic acid, equal parts 648 482 
20 isocaproic acid +77; acetic acid, equal parts 540 393 


Aspartic acid combined with ammonis shows u rise of conductivity comparable with 
that shown by leucine and ammonia. The sum of the constituents being 672 gemmhos 
the mixture (ammonium aspartate) was 3170 gemmhos. 


There is then no evidence from the side of the electrical conductivity 
to suggest a combination between amino-acids in solution. They 
behave towards weak bases as weak acids but not towards weak acids 
as weak bases. This result is moreover in agreement with those of 
Winkelblech and others as regards their affinity constants as acids and 
bases respectively, their acid-function predominating over their basic- 
function. 

Caseinogen being a weak acid it is interesting to compare its 
relation to weak bases in the above manner. 
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Since it is insoluble in water the conductivity of a suspension of the strength of 454% 
was determined and found to be 125 gemmbos at 11-7 C. The conductivity of a solution 
of the same concentration in the equivalent amount of ammonia to make a salt neutral to 
phenolphthalein, according to Lacqueur and Sackur, was 1732 gemmbos. The strength 
of the ammonia solution was th normal. A similar solution was made with sodium 
hydrate. The results are given below: 


Conductivity in gemmhos 
Constituents Sum Mixture 
Caseinogen + NH,OH 312 1732 
Caseinogen + NaOH 7681 1860 


It was expected that the ammonium salt would exceed the sum of 
its constituents, but it is somewhat surprising to find that its conductivity 
is actually higher than that of the sodium salt. 


When these two salts were subjected to the action of trypsin it was found that in four 
days the conductivity of the ammonium salt increased by 4050 gemmhos, whereas that of 
the sodium salt only increased by 1985 gemmhos. It would be advisable to test by the 
nitrogen content of the tannin filtrates in the two cases whether this difference is merely 
due to the conductivity of the ammonium salts of the products being greater than that of 
their sodium salts, or whether the ammonium salt of caseinogen is the more readily 
attacked by trypsin. 


I venture to think that this peculiarity of dissociation of salts of 
weak acids and weak bases deserves to be taken more into consideration 
than it has hitherto been. For example, if the pharmacological action 
of strychnine is due to the kation it would seem that the acetate should 
be more active than the sulphate. In fact, if the action of any ions 
which do not form strong bases or strong acids is desired, their salts 
with weak acids or bases respectively should be more effective than 
either the free base or acid or its salts with strong acids or bases. 

3. Carbamino-acids, Siegfried! has shown that when carbon 
dioxide is passed into a mixture of equimolecular solutions of glycocol 
and barium hydroxide the solution remains clear owing to the formation 
of a salt of a carbamino-acid. Further“, these acids are formed 
when carbon dioxide is passed through solutions of free glycocol or 
alanine. This fact being shown by the considerable rise in electrical 
conductivity, over and above that due to the CO, dissolved in the 
water; the carbamino-acids are di-carboxylic acids and have therefore a 
much higher conductivity than the mono-carboxylic mono-amino-acids. 

Before becoming aware of these latter experiments of Siegfried 


I had myself performed similar experiments, which entirely confirm the 
results of this observer. 


1 Zeitach, f. physiol. Chem. XIV. p. 85. 1905. 
* Zeitsch. f. physiol. Chem. XI vI. p. 410. 1905. 
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Exp. Distilled water at 267 C. increased in conductivity by 40-7 gemmhos on saturation 
with CO, gas at atmospheric pressure. 

A 7°6°/, (=molecular normal) solution of glycine under the same conditions showed an 
increase of 168 gemmbos or, after subtraction of the amount due to dissolved CO,, for 
the carbamino-acid, 122 gemmhos. The specific conductivity of the normal solution of 
the carbamino-glycine was therefore 151 gemmhos, whilst that of the original glycine 
solution was 29, Siegfried’s corresponding values are 155 and 382. 

A similar experiment with alanine gave me for the normal solution of alanine 36 ·7 
gemmhos and for the carbamino-alanine 126 gemmhos. Siegfried’s values are 55 and 
201. Probably my preparation, being made from the ester, was purer than his. 


Siegfried does not give any experiment with leucine. I have 
myself had some difficulty in obtaining satisfactory readings. 

With leucine which, although obtained from the ester, had been recrystallized, I was 
unable to find any increase on passing CO,, beyond that due to the CO, itself. It was 
only by making use of the fresh leucine which crystallized out from the solution obtained 
by boiling the ester with conductivity water, that I obtained any decisive result. This 
leucine was rapidly filtered off, washed with alcohol and ether, dissolved in conductivity 
water, boiled and its conductivity measured as soon as its temperature had fallen to 26°. 
In 8°/, solution its conductivity was 11 gemmhos. On passing OO,, this increased to 65°8 
gemmhos, 41 of this being due to CO, dissolved, leaving 24-8 gemmbhos for the 8 % solution 
2 For a solution of glycine of about the same concentration, that is 
7 Siegfried gives 89. 


According to my results therefore the specific e of the 
carbamino- acids decreases progressively from glycine through alanine to 
leucine. 

I am unable to account for the difficulty with leucine, except to 
suggest that this body readily takes up carbon dioxide from the 
atmosphere, a property which it does not seem very probable that 
leucine should possess. 


SUMMARY OF CONCLUSIONS. 


1. Changes in viscosity are insufficient to account for more than 
a small part of the increase in conductivity under the action of trypsin, 
less, indeed, than 5 °/,. 

2. The diminution in viscosity has a very different time-course from 
that of the conductivity. The former proceeds with great rapidity at 
first to become stationary at a comparatively early stage in the reaction. 

3. Methods of investigating enzyme-action depending on changes of 
physical state, such as those with Mett’s tubes containing gelatin or 
Griitzner’s or Vernon’s fibrin methods, although useful for comparative 
estimations, give but limited information on the essential chemical work 
of the enzyme. Gelatin loses its power of setting after about five 
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minutes action of 0°16 */, trypsin at 40°. Fibrin after complete solution 
is still present as a coagulable protein. 

4. The “mechanical viscosity” of a solution, as measured by its rate 
of flow through a narrow tube, and its “electrical viscosity,” as measured 
by the retardation of the velocity of migration of ions contained therein, 
are more or less independent properties, more especially when colloidal — 
solutions are concerned. 

5. The change in “electrical viscosity” produced by bodies in a 
state of colloidal solntion is of the same order as that produced by non- 
colloidal non-electrolytes, varying from 2 to 5% diminution in con- 
ductivity for each 1°/, of the non-electrolyte present. (Arrhenius) 

6. There is some evidence that inorganic adsorbed electrolytes are 
set free (ionized) under the action of trypsin, but in too small an 
amount to account for more than a small percentage of the total 
increase in conductivity. 

7. The production of inorganic phosphates from caseinogen by 
trypsin is capable of accounting for some 25°/, of the rise in this 
particular case. 

8. The chief cause of the increase in conductivity under the action 
of trypsin is the production of “ peptones” and amino-acids, so that 

9. The measurement of electrical conductivity in a trypsin digest 
gives a reliable and convenient method of following the course of the 
reaction. 

10. Determinations of conductivity of certain amino-acids were 
made. That of the mono-carboxylic mono-amino-acids, glycine, alanine 
and leucine, when prepared from their ethyl-esters, is extremely low; 
whereas that of the di-carboxylic acids, aspartic and glutamic, is fairly 
high, as is also that of the di-amino-acid, lysine. 

11, Although amino-acids are much more soluble in solutions of 
other amino-acids than in water, there is no evidence of any combination 
of the nature of salt-formation. In fact the mono-amino-acids of the 
mono-carboxylic series do not apparently act as bases towards weak 
acids, although they act as acids towards weak bases. The di-amino-acids 
on the other hand, as is well known, form salts with weak acids. 

12. The formation of free carbamino-glycine and carbamino- 
alanine (Siegfried) is confirmed, and that of carbamino-leucine shown 
to take place. 


The of this research 
expenses 
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ON THE RATE OF VARIATION OF THE EXCITING 
CURRENT AS A FACTOR IN ELECTRIC EXCITA- 
TION. ET KEITH LUCAS, Fellow of Trinity College, 


Cambridge. 
(From the Physiological Laboratory, Cambridge.) 


In this paper I shall describe an attempt to obtain some exact 
knowledge of the relation existing between the rate of current-variation 
in an exciting current and the minimum current-strength required to 
produce an excitation. The problem is far from new. Du Bois Rey- 
mond! attempted something of the sort in 1862, but was baulked by the 
inadequacy of his apparatus. In the same year Bernstein“ described 
an ingenious method of varying the rate of current-change ; but he did 
not describe any results obtained. v. Fleischl* described his ortho- 
rheonom in 1877, and by its means showed that a given current-strength 
might cause an excitation if reached instantaneously, but be ineffective 
if reached slowly. Fuhr“ used a method similar to that of v. Fleischl but 
concerned himself more with the time at which excitation began than 
with the current-strength required to excite at various current-gradients. 
v. Kries“ improved v. Fleischl’s method, making it capable of giving 
single linear current-variations with a considerable range of rapidity. 
He made many determinations of the current-strength required to 
excite at different current-gradients. From experiments made on the 
sciatic-gastrocnemius preparation of the frog he found that the liminal 
current-strength increased when the current-gradient was made less. 
But be failed to find a satisfactory agreement amongst the results 
obtained from preparations taken from different frogs. There was 
a wide variation in the increase of current-strength necessary for a 

1 Du Bois Reymond, Gesam, Abhandlungen, 1. p. 198. Abhi. d. k. Akad. d. Wiss. zu 
Berlin, 1862. Physikal, Abth. p. 181. 

2 Bernstein, Arch, f. Physiol. p. 581. 1862. 

v. Fleischl, Stzber. Wiener Akad, uxxvi. . Abth. p. 188. 1877. 

Fuhr, Arch. f. d. ges. Physiol. XXIV. p. 510. 1884; and xxxvim. p. 313. 1886. 

v. Kries, Arch. f. Physiol. p. 387. 1884. 
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given decrease of current-gradient, and, what was still more regret- 
table, the curve relating current-strength to current-gradient was of 
no constant form. v. Kries could find no reasonable explanation 
of the irregularity of his results. I shall have to refer to this question 
in a later part of this paper. Later some observations were made on 
the same lines by Schott.. He borrowed the apparatus used by 
v. Kries, and states that to excite the sciatic nerve of the toad the 
same current-strength was required whether the current-variation was 
instantaneous or occupied 0-1 sec. The most recent observations of 
which I am aware are those of Gildemeister“. He obtained from 
different frogs results which agreed quite well amongst themselves. The 
current-strength had to be increased if the current failed to reach its 
full value in 0°0008 sec. But the currents which he used were slowed 
by the use of variable self-induction in the circuit,so that they increased 
on an exponential curve. This method complicates the problem in an 
unnecessary way, for in any single observation the current-gradient is 
always varying, so that one cannot draw from his results any simple 
relation between the current-gradient and the current-strength. 

Method. The method of obtaining linear current-variations used in 
my experiments differed fundamentally from the various methods used 
by other observers. I used in the battery circuit a large electrolytic 
resistance, whose value could be changed continuously at any required 
rate. The details of the apparatus are given below. N 

An ebonite trough 20 cm. high and 6˙5 cm. wide was divided by 
vertical partitions into three chambers (Fig. 1, A, B,C). The two outer 
chambers contained amalgamated zinc plates (D, E), immersed in 
a saturated solution of zinc sulphate. The middle chamber contained a 
thin ebonite shutter F, which was freely movable in a vertical direction. 
The two partitions were pierced by a slot G, through which the current 
passed from one zinc plate to the other. As the shutter was raised 
or lowered it opened or closed the slot and so varied the resistance 
between the zinc plates. 

The mechanism used for moving the shutter F is shown in Fig. 2. 
A light wooden arm H, 1 m. long, carried in a ball bearing at J, was 
attached at one end to the shutter F. On the opposite side of the 
bearing there were a dash-pot X filled with oil and surrounded by a 
large water-jacket, a scale-pan M, and a detent provided with two 
notches NV and 0. When the arm H was raised so that it rested in the 

: Schott, Arch. f. d. ges. Physiol. xuvut. p. 854. 1891; sp. p. 875. 
Gildemeister, Arch. F. d. ges. Physiol. ol. p. 208. 1901. 
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notch N, the slot in the trough was closed by the shutter F. When the 
detent was drawn away, the weights in M drew the arm H downwards, 


Fig. 1. Section of trough used for obtaining linear variations of current. For lettering 
see text, 


Fig. 2. General view of apparatus used for obtaining linear variations of current. 
17—2 
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and so raised the shutter V until motion was arrested by the notch O. 
The velocity of the arm H was rendered uniform by the dash-pot K, 
which consisted of a cylinder filled with oil and containing a piston in 
which a leak was provided. The rate at which the shutter T was 
moved could be varied in any of the following ways: 

1. By varying the load at M. 

2. By varying the point of attachment of the dash-pot to the 
arm H. 

3. By varying the leak in the piston of the dash-pot. 

The second and third of these methods were used to adjust the range 
of velocities to suit any particular tissue upon which experiments were 
to be made. The first method alone was used for obtaining the actual 
velocities required during any single experiment. The velocity of the 
shutter F was recorded by means of a smoked paper drum upon which 
the arm H wrote directly. This drum is not shown in the figure. A 
fresh calibration of the velocities was made for each experiment, the 
water-bath which surrounded the dash-pot serving only to keep the 
viscosity of the oil constant for the time which one experiment 
occupied. 

The shape of the slot @ (Fig. 1) is a matter of the greatest 
importance. The current will vary inversely as the whole resistance in 
the circuit. If therefore the shutter moves with uniform velocity, and 
the slot is rectangular, so that equal areas are opened in equal times, 
then the current-variation will be linear only if the resistance between 
the zinc plates, with the slot fully open, is very large by comparison with 
any other resistance in the circuit. As a fact this condition is not 
realised. The circuit must contain the batteries and a potentiometer 
wire for varying the current sent into the nerve or muscle. The re- 
sistance of these two is about six ohms. That of the trough when 
fully open is about 15 ohms. In order then to yield a linear variation 
of current the slot must be opened more and more rapidly as its own 
resistance becomes a smaller proportion of that of the whole circuit. It 
is easy to calculate, for any relative values of the slot resistance and the 
remaining resistance, how the resistance of the slot is required to vary. 
The shape of the slot can then be made accordingly. I found it most 
convenient to calculate on the assumption that the resistance of the slot 
was equal to that of the remainder of the circuit, and then to add 
resistance to the circuit until this condition was realised. 

Verification of the apparatus. To test whether the apparatus did 
actually yield linear current-variations under the conditions of experi- 
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ment it was necessary to record the current-change by means of a 
galvanometer whose period of oscillation should be much shorter than 
the duration of the current-changes used. Since I wished to use current- 
variations ranging in duration from 1°5 secs. to 0°03 sec., and reaching full 
values of from 10~ to 10 ampére, the only instrument which would 
serve was the string gal vabometer. 

The instrument used was supplied by the Cambridge Scientific 
Instrument Company. I had it fitted with a “string” consisting of a 
silver wire of 20% diameter. This relatively coarse wire executed an 
excursion of 13 mm. on the recording plate in 0°01 sec. when a current of 
5 x 10~ ampere was made instantaneously. It was therefore quick 
enough for testing the current-variation at all but the shortest 
durations. 


Fig. 3. Fig. 4. Fig. 5. 


Fig. 3. Record of current-variation. The current is turned on by the shutter-rheonom 
and broken by a key. Time-marker 0-2 sec. Ourrent 5 x 10 ampére. 

Fig. 4. Rapid current-variation obtained with shutter-rheonom. Time-marker 0-2 sec. 
Current 5 x 10 ampere. 

Fig. 5. As Fig. 4; current reduced to 7 x 10~* ampére. 


Fig. 3 shows a record obtained under the conditions mentioned 
above, the slot in the ebonite trough being that actually used in the 
subsequent experiments on muscle and nerve. The current reached its 
full value in about 1°4secs. Since the period of the string was less than 
a hundredth of this time, and since the deflections were proportional 
to the current-strength within less than 2°/, over the range used, the 
actual deflection at any instant may be taken to represent fairly 
accurately the instantaneous value of the current. The record shows 
therefore that the current varied directly as the time, except for a small 
decrease in the rate of variation as the full value of the current was 
approached. This divergence is in the same direction as the small 
errors which arise from the damping of the string and from the slight 
decrease of deflection for a given increase of current as the string moves 
further from its mean position. So I did not attempt to straighten the 
curve out by any further alteration of the slot. 
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Fig. 4 is from an experiment made under conditions identical with 
those of Fig. 3, except that the slot was opened more rapidly. The 
current-variation occupied 0°04 sec. In this case the period of the 
string is only a quarter of the time of the current-variation, and there is 
consequently some distortion of the curve, especially noticeable as the 
string begins to move. In Fig. 5 the derived circuit from the potentio- 
meter wire included not only the string galvanometer, as in the previous 
experiments, but also a toad’s sartorius muscle and the usual non- 
polarisable fluid electrodes. The current was reduced to 7 x 10 ampere, 
about the minimal strength required for the excitation of muscle by an 
instantaneous increase of current. In order to yield deflection enough 
with this small current the string had to be slackened until its period 
fell to 008 sec. The duration of the current-variation was 0°3 sec. 
This record is included because it shows that the current-variation 
is practically linear under the actual conditions of experiment. 


Tue RELATION OF THE LIMINAL CURRENT-STRENGTH TO THE 
CURRENT-GRADIENT. 


A. The sciatic nerve of the toad. 


My first observations were made upon the toad, because toads are 
more resistant than frogs to the unhealthy conditions of laboratory life. 
The sciatic-gastrocnemius preparation was excised and placed in the 
fluid electrodes which I have described elsewhere’. The muscle lay in 
the Ringer's fluid of the upper electrode, and the nerve passed down- 
wards across the air-space into the fluid of the lower electrode. The 
whole electrodes were as usual included in a large water-bath maintained 
at a temperature between 10°C. and 11°5°C. Descending currents were 
sent through the nerve, and the gastrocnemius was used as the index of 
excitation. Stimuli were not sent into the nerve more frequently than 
three a minute. An experiment consisted in determining the liminal 
current-strength first for an instantaneous increase of current, and then 
for a series of currents increasing in certain known times. The experi- 
ment was repeated after an interval of a few minutes, and if the two 
sets of observations failed to agree within 10°/, the tissue was regarded 
as being in an unsteady state. 

The first point which I noticed was that it was almost impossible to 
obtain the required agreement between two sets of observations made 


1 Cf. this Journal, xxxrv, p. 875, Fig. 8. 1906. 
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during the first half hour after the preparation had been excised. At 
about one hour after excision the results became fairly steady, and 
reliable observations could then be made at any time during the 
succeeding six hours. I shall therefore begin by describing the results 
obtained between the end of the first hour and the beginning of the 
seventh, and shall afterwards consider what happens before the end of 
the first hour. 

Twelve experiments were made at various times between the end of 
the first hour and the beginning of the seventh, the preparations being 
taken from eight different toads. Fig. 6 (Exp. 1) is a typical example of 
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Fig. 6. Relation between the time in which the current reaches its full value and the 
liminal current-strength. Sciatic nerve of toad, Abscissm, 1 division 001 sec. 
Ordinates, 1 division=1 microampére. For lettering see text. 


the results obtained. In this figure abscisss measure the time in which 
the current reached its full value, and ordinates measure the current- 
strength required to produce a minimal contraction. The point B marks 
the current-strength required to excite when the current was turned 
on instantaneously by means of a key. D marks the current-strength 
required when the current reached its full value in 0-031 sec., F the 
current-strength required when the current reached its full value in 
0°051 sec., and so on. In other words, the current-variations required to 
excite are represented by ABC, ADE, AFG, and AHI. It is clear at 
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once that there is a minimum current-gradient, represented by the line 
AFH, and that any gradient less steep than this will fail to provoke a 
twitch of the muscle, even though the current-strength finally reached 
be considerably increased. For example, if the current-strength ulti- 
mately reached be that represented by H instead of F., the current- 
gradient cannot be decreased, but must still follow the line AFH. The 
position of the point D indicates that as the current-gradient is 
decreased from AB to AF the liminal current-strength has to be 
increased gradually, somewhat as the curve joining the points BDF 


All the twelve experiments made agreed in showing a minimal 
current-gradient similar to that of Fig. 6. Some showed the gradual 
increase of the liminal current-strength as the current-gradient was 
decreased from the instantaneous to the minimal, in other’ all the 
observations made fell upon the minimal gradient. Two examples are 
shown graphically in Fig. 7 (Exp. 2 a) and Fig. 8 (Exp. 3); in Fig. 7 the 
minimal gradient alone is seen, the times of current-increase chosen 
having been too long to illustrate the rest of the curve; in Fig. 8 the 
gradual approach to the minimal gradient is shown. 
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Fig. 7. Fig. 8. 


Fig. 7. As Fig. 6, showing four observations lying on the minimal current - gradient. 
Fig. 8. As Fig. 6, illustrating the gradual approach to the minimal current-gradient. 


The full numerical data of Exps. 1 to 3 are set out in Table A 
below. On comparing’ Exp. 1, which was made one hour and a 
half after excision, with Exp. la, which was made on the same 
preparation at two and a half hours, we find a close agreement 
between the values found for the liminal current-strengths. The same 
agreement is even better illustrated in Exps. 2 and 2a. It is clear 
that the preparations used were in a steady state. The remaining 


experiments are not shown in full detail, but the reduced results of all 
are given in Table A, below. 
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TABLE A. Showing numerical values for experiments made on the sciatic 
nerve of the toad. (Haperiments denoted by the same number, as 1, 1a, 
were made on the same preparation. ) 

Exr. 1. Iz hours after excision. Temp.=10°5° C. 

Ltminal current-strength (microamptres) ! 


“Ist obs. 2nd obs. Mean 
Instantaneous 4°51 4°51 4°51 1 
0-081 sec. 7-08 7-138 108 1°57 
0-051 „ 9°89 10°58 10-23 2°27 
0-092 „ 17-4 18°6 18-0 4-00 
Exp. la. Temp. = 10°8° ©. 
Instantaneous 4°23 1 
0°081 sec. — Be 80 6°74 1°58 
0-051 „ 9°44 8°96 9°20 2°18 
0-092 „ 16°80 16°34 16°57 3 92 
Exp. 2. Sciatic-gastrocnemius of toad. Experiment made 14 hours after excision. 
Temp. = 10°5° C. 
Instantaneous 0-70 0-74 0-72 1 
0°038 sec. 1°24 1-28 1-26 1°75 
0041 „ 1°55 1°57 1°56 
0-051 ,, 1-98 2-00 1-99 2°76 
0-086 „ 8°45 8-49 8°47 4°82 
Expr. 2a. 24 hours after excision. Temp. 10-4 C. 
Instantaneous 0-79 0-79 1 
0-088 sec. ; — 1-29 1-30 1°65 
0-051 „ 1-95 1-98 1°96 2°49 
0-086 „ 8°45 8-48 3°46 4°38 
0148 „ 6°22 6°45 6°38 8-00 
Exp. 8. 2 hours after excision. Temp.=10-2° C. 
Instantaneous — 1-78 1-78 1-78 1 
0-080 sec. S06 8-06 8-06 1-72 
0-055 „ 4°51 4°67 4°59 2°58 
0-090 „ 714 7°64 7°39 4°15 


Now at first sight it appears that there is considerable divergence 
between the values of the minimal current-gradient obtained from 
experiments on different toads. For example, in Exp. 1 (Fig. 6) 
the minimal gradient is such that a current of 20 microampéres is 
reached in 01 sec. In Exp. 2 (Fig. 7) on the other hand the 
current reached in 0°1 sec. is only 4 microampéres. But this divergence 
disappears if we take as our unit in each experiment the current 
required to excite with instantaneous increase, and express the current- 
strength required for other times of increase in terms of this. We then 
find a close agreement between the two experiments. 


! Microampére= 10 ampere. 
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Expr. 1 Exp, 2 
Relative Relative 
Time current-strength Time current-strength 
Inst 1 Inst. 1 
0-081 sec. 157 0-038 sec 165 
0-051 „ 2°27 0-051 ,, 2°49 
* 4-00 0-086 „ 4°38 


This is the method which v. Kries adopted for comparing the results 
obtained from different preparations. He used the term “ Reizungs- 
divisor” to describe what I call the “relative current-strength.” In 
Table A the right-hand column in every experiment gives the values 
of the relative current-strength, and on examining these columns one 
finds a close agreement between the values found for any particular 
time of current-increase. This means that if we take the liminal 
current-strength for an instantaneous increase of current as unity and 
express all other current-strengths used in terms of this unit, then the 
minimal current-gradient is nearly alike for all the preparations used. 
To make this point clear I have calculated for all the experiments 
made the relative current-strength which would be reached if the 
minimal current-gradient were followed for one second. The values 
found are tabulated below. 


TABLE A,. Minimal current-gradients for sciatic nerve of toad between 
10°C. and 11°5°C.. The numbers represent the relative cwrrent-strength 
which would be reached in one second by a current increasing along the — 
minimal gradient, the liminal current-strength for an imstantaneous 
inorease of current being taken as unity. 


current-strength 

Number of experiment Time after excision — Ef 
1 14 hours 44 
la 43 
2 1} 55 
2a 24 52 
8 2 46 
4 3 52 
5a 8 89 
6 8 40 
7 8 41 
7a 5 44 
7b 64 50 
8 1 51 


Mean 46 
f The values range from 39 to 55, with a mean of 46. It is 
interesting to note that they bear no constant relation to the time after 
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excision. As the time passes they may increase slightly as in Exp. 7, 
or decrease as in Exps. 1 and 2. Exp. 8 gives a value at 1 hour 
almost identical with that of Exp. 7b at 64 hours. One may conclude 
then that between the end of the first hour and the beginning 
of the seventh there is a definite minimal current-gradient, which 
changes very little; and this gradient is such as would arrive in one 
second at a current-strength about 40 or 50 times as great as the 
liminal current-strength for an instantaneous increase of current. 
There remains the question, what occurs during the first hour after 
excision? As I have said, the results obtained during that period are 
not steady. But they agree in showing as a general rule a less steep 
minimal current-gradient than that obtained during the subsequent 
steady period. Take for example Exp. 5, which was made half an hour 
after excision upon the same preparation as Exp. 5a already described. 


Exe. 5. Sciatic-gastrocnemius of toad. Exp. z hour after excision. Temp. =10°4° C. 


Time of current-increase Liminal current-strength 
Instantaneous 1°69 microampéres. 
0°08 sec. 2°24 a 
0-05 ” 2°82 ” 
0-09 ” 8°85 ” 
0-16 „ 
0-27 „ 80 „ 


This experiment is plotted in Fig. 9, and one sees that the minimal 
current-gradient is only just being approached at the slowest current- 
variation used. The relative current-strength reached in one second by a 
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Fig. 9. Relation between time of ourrent - inorease and liminal current - strength from an 
experiment made half an hour after excision. Sciatic nerve of toad. The steady 
state has not yet been reached, and the minimal current-gradient is low. Abscisse, 
1 division 0 01 see. Ordinates, 1 division=1 microampére. 


current increasing along the minimal current-gradient would work out 
at something less than 18. The same preparation gave the value 39 
at 3 hours (Exp. 5a). It is clear that during the first hour after 
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excision the minimal gradient becomes more steep. But whether this 
change is the recovery of a normal state after the disturbance due to 
excision, or a transition from the normal state of life to a new steady 
state of survival, I am unable to say. This question demands for its 
solution experiments made without damage to the motor cells and 
trunk of the sciatic, 

It may well be that this period of change was responsible for the 
irregular results which the experiments of v. Kries yielded. For 
experiments made at varying times during the first hour after excision 
would certainly show such discordance as he found. 

As I have already stated, the experiments made by Schott’ led 
him to conclude that to excite the sciatic nerve of the toad the same 
current-strength is required whether the current-increase is instantaneous 
or occupies 0°1 sec. My own experiments are in complete disagreement 
with this conclusion ; for they show that a current increasing in 0°1 sec. 
would need to be on the average 4°6 times as great as one increasing 
instantaneously. Schott considers that the law for toad’s nerve differs 
fundamentally from that for frog’s nerve. With this I cannot agree, 
for, as I shall show in the next section, the curves relating current- 
strength to time of current-increase are of the same form in the frog 
and in the toad. The only difference which I am able to discover 
between preparations taken from the two animals lies in the fact that 
the minimal current-gradient is slightly steeper for the frog than for 
the toad. 


B. The sciatic nerve of the frog. 


The method of experiment for the frog was in every way identical 
with that already described for the toad. Seven experiments were 
made, and they all showed a definite minimal current-gradient. Two 
experiments showed the gradual increase of the liminal current-strength 
as the current-gradient was reduced from instantaneous to its minimal 
value. Exp. 9, which is plotted in Fig. 10, is an example of this. | 

The full numerical data for Exps. 9 to 11 are shown in Table B. 

The experiments in Table B show that, as in the case of the toad, 
the absolute current-strengths for any time of current-increase vary 
considerably in different preparations. But the relative current- 
strengths agree closely enough. In the table below are given for the 
seven experiments made, the relative current-strengths which would be 


1 Schott, loc. cit. 
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reached in one second by a current following the minimal current- 
gradient. 


TABLE B. Faperimenis made on the sciatic nerve of the frog. 
Exr. 9. 1 hour after excision. Temp.=10-0° . 
Liminal current-strength (microamperes) 


current-increase 1st obs. 2nd obs. Mean current-strength 

Instantaneous 1-06 114 1°10 1 
0°08 sec. 1°96 2°14 2°05 186 
0-054 „ 3°20 8°40 8-30 3-00 
0-094 ,, 5°70 5-80 5°75 5°22 

; Exr. $a. 8% hours after excision. Temp.=10-5° C. 

Instantaneous 1°35 1°37 1°36 1 
0-080 sec. 2°94 2°85 2°89 2°18 
0-054 „ 5°03 5-03 5-08 3°70 
0-092 „ 9°10 9°18 914 6-72 

Exp. 10. 4 hours after excision. Temp. - 108 C. 

Instantaneous 1-34 1°34 1-34 1 

0-080 sec. 8°52 8°44 8°48 2°60 
0056 „ 6°08 6°08 6°08 4°54 
Exp. 11. 2} hours after excision. Temp.=100° C. 

Instantaneous 1°88 1°41 1°39 1 
0-031 sec. 2°53 2°56 2°54 1088 
0-054 „ 8°52 8°84 8°68 2°64 
0-086 „ 5°75 6°07 5°91 4°25 


TABLE B. Minimal current-gradienis for sciatic nerve of frog 
between 10° C. and 11°5° C. 


Number of experiment Time after excision minimal current-gradient 
9 1 hour 57 
9a 34 hours 72 
10 bee 81 
11 ie 50 
12 1 „ 51 
12a % „ 67 
13 60 
Mean 63 


The values in this case vary between 50 and 81 with a mean of 63. 
The mean for the toad was 46. The nerve of the frog has therefore 
a steeper minimal current-gradient than has the nerve of the toad. 
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C. The sartorius muscle of the toad. 


v. Kries states that the curarised muscle of the frog requires the 
same current-strength for its excitation whether the current reaches its 
full value instantaneously or in 0°125 sec. 

I have found a similar result in the nerve-free pelvic end of the 

uncurarised sartorius of the toad. The muscle was set up in the fluid 
| non-polarisable electrodes, with the anode and cathode both in the 
extreme 3mm. of the pelvic end. The lower end of the muscle was 
attached to a thin glass rod, which passed vertically downwards through 
a hole in the U-tube which formed the lower electrode. The fluid 
could not escape by this hole, since the electrodes were made air-tight 
at every other point. The hole could therefore be made large enough 
to allow the glass rod to move up and down without sensible friction. 


— 


— 


22 


Fig. 10. Relation between time of current-increase and liminal current-strength in the 
sciatic nerve of the frog. Abscissm, 1 division=0-01 sec, Ordinates, 1 division=1 
microampére. 


The lower end of the rod was attached to an optical lever, which 
indicated the contraction of the muscle with a magnification of twenty 
times. I found the current-strength required to produce a minimal 
contraction identical whether the current increased instantaneously or 
in any time up to 12 secs. : 

This result could probably have been foreseen. For we know that 
a muscle responds by a local cathodic contraction to a current passing 
at constant value; and the method used would indicate a local con- 
traction or a conducted contraction without distinction. But we also 
know that when a current is sent through a muscle the occurrence 
of a contraction conducted over the muscle’s length is associated with 
the initial and final periods of current-variation, not with the passage 
of the current at constant value. Therefore we should expect to find 
some definite relation between the current-gradient and the setting up of 
a conducted disturbance in the muscle. To investigate this relation we 


v. Kries, loc. cit. p. 858. 
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require a method which will indicate the occurrence of a conducted 
disturbance, but will take no notice of a local contraction. 

For this purpose I excited as before in the extreme pelvic end of 
the muscle, and used an optical lever to indicate the thickening of the 


muscle at a point near its 


extreme tibial end. The arrangement of the 


apparatus is shown in Fig. 11. The upper electrode was formed by 
a tube A, filled with Ringer’s fluid and closed above by the porous 
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Fig. 11. Apparatus used for 


sartorius muscle. Two sections in planes at right angles. For 


text. 


indicating the occurrence of a conducted excitation in the 
description see 
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candle B, containing a saturated solution of zinc sulphate. From the 
lower end of this tube the muscle passed into Ringer's solution 
contained in the glass trough C. A second glass tube D, established 
electric connection with the fluid in the trough. In effect the 
electrodes were the fluid surfaces at the lower end of A and at the 
point where the muscle entered the Ringer’s fluid in C. The tibial 
end of the muscle supported a platinum-pointed lever, F. which 
carried a mirror on its axle and served to indicate the occurrence of 
any contraction which might be caused by a conducted disturbance 
travelling over the muscle from the seat of excitation. 

It was apparent at once that with this arrangement the current- 
strength had to be increased as the time of current-increase became 
longer. To test the relation quantitatively, five experiments were 
made at times varying between 1} and 16 hours after excision. They 
all showed the liminal current-strength increasing gradually with 
decrease of the gradient until a minimal gradient was reached. 
Fig. 12 (Exp. 14) and Fig. 13 (Exp. 17) are typical of the results 


1 


Fig. 12. Fig. 13. 


Fig. 12. Relation between time of current-increase and liminal current-strength in sartorius 
muscle of toad. Absciasm, 1 division=0-1 sec. Ordinates, 1 division=10 micro- 


amperes. 
Fig. 18. As Fig. 12, illustrating the gradual approach to the minimal current-gradient. 
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obtained. The full numerical values of the five experiments are given 
in Table C below. 

TABLE C. Haperiments made on the sartorius muscle of the toad. 


Expr. 14. 14 hours after excision. Temp. =15-5° C. 
Limipal current-strength (microampores) 


Time of — ay! Relative 
Ist obs. 2nd obs. Mean current-strength 

Instantaneous 57 60 58°5 1 
0-089 sec. 57 60 58°5 1 
0184 „ 60 63 61°5 1°05 
0-387 „ 105 106 108-5 177 
0-68 „ 146 185 184°5 8°16 

Expr. 15. 14 hours after excision. Temp. =13-5° C. 

Instantaneous 20 9. 82°5 81°2 1 
0°096 sec. 80°5 88°1 81°8 1:02 
0-182 „ 81°8 83°8 32˙8 1-05 
0-364 „ 34 4 87 ˙7 860 115 
O77 „ 46°1 49°4 477 1°58 
143, 767 819 793 2°54 

Exr. 15a. 16 hours after excision. Temp.=12-0° C. 

Instantaneous 31˙5 B69 $42 1 
0-105 sec. 88°7 86°2 1-06 
0-196 „ 38˙2 42°38 40°2 1°18 
0°365 „ 60°38 612 60°7 177 

Exp. 16. 14 hours after excision. Temp. - 140 C. 

Instantaneous 57°7 60˙ 59 1 
0˙105 sec. 577 61°2 59-4 101 
0˙195 „ 69°6 748 722 122 
0-365 „ 136 163 149 251 

Exr. 17. 5 hours after excision. Temp.=15-0° C. 

Instantaneous 83°6 83°6 88°6 1 
0-096 sec. 83°6 83°6 83°6 1 
0-185 ,, 87°2 36°6 1-09 
0-854 „ 49-2 46°8 1°39 
0-655 „ 87°7 84-0 85°8 2°55 


The arrangement of these experiments rendered impossible the use 
of a water-bath enclosing the whole apparatus, so I had to be content 
with the temperature of the room. This varied, as Table C shows, 
between 12° and 15°5°C. In spite of this the minimal current-gradients 
found in the five experiments showed a tolerable uniformity. One 
only, Exp. 15, shows a large divergence from the rest. 
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TABLE O.. Minimal current-gradients for sartorius muscle of toad 
between 12° C. and 15°5° C. 


in one second on 
Number of experiment Time after excision minimal current-gradient 
14 14 hours 1 
15 1 „ 16 
15 16 ” 47 
16 11 » 67 
17 „ 
Mean 44 


The mean value found is 44; that for toad’s nerve was 46. The 
minimal current-gradient for toad’s nerve is therefore about ten times as 
steep as that for toad’s muscle. This difference seems to be due toa 
real difference between the tissu , and not = any considerable degree 


to the small temperature- differente between the tw . sets of observations. 


For amongst the experiments made on toad’s musck there is a con- 
siderable divergence of temperature, but there is n= traceable relation 
between the temperature of each experiment and the value found for 
the minimal current-gradient, such as would lead us to suspect that 
the current-gradient had a very large temperature coefficient. 


CURRENT-VARIATION AND THE THEORY OF ELECTRIC 
EXCITATION. 


In recent years physiologists have become more fully aware of the 
part which the duration of the exciting current plays in the production 
of an excitation. In the nerves and muscles of many animals precise 
measurements have been made of the relation between the duration of 
the exciting current and the least current-strength which will suffice for 
excitation. 

This new knowledge led at first to an unduly great reaction from the 
older view that current-variation alone determined the efficacy of an 


exciting current. Thus Weiss formulated a law in which the ez- 


citation produced appeared as a function simply of the quantity of 
electricity brought into play. It seemed to me that any view of 
electric excitation which left current-variation wholly out of account must 
be incorrect, for the fact that slowly increasing currents needed to be 
stronger than rapidly increasing currents was well known. I sought 
therefore to find some means of reconciling the views, that on the one 
hand current-variation, and on the other hand current-duration at 


Weiss, Arch. Ital. Biol. xxv. p. 488. 
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constant value were the essential conditions for producing an excitation. 
In a paper published in 1907' I made use of a suggestion, put forward 
originally by Woodworth* in the course of a paper dealing with the 
excitation of smooth muscle, that the need of current-duration was in 
reality illusory, and depended upon the necessity of separating in time 
the opposed effects of make and break between which there would 
otherwise be interference. | 

This suggestion has not stood the test of closer examination. As 
Hoorweg'“ has pointed out, it fails to account for the fact that the 
relation between current-duration and liminal current-strength is the 
same for short-battery currents, in which the increase and decrease of 
current are both equally steep and constant, and for condenser- 
discharges, in which the decrease of current is of variable gradient 
always less steep than the increase. 

It seems therefore that we must accept the view that the duration 
of a current is an essential condition of the efficacy as an exciting cause, 
in the sense that the actual passage of the current at constant value is 
contributing directly to the excitatory effect. But in basing upon this 
fact any theory as to the nature of the physical changes which constitute 
excitation we must not leave out of account the question of current- 
variation, whose importance is made clearer by the proof given in this 
paper of the very definite nature of the minimal current-gradient. 

Now recent attempts to formulate a theory of excitation spring 
naturally from the idea to which Nernst‘ first gave expression, that 
sinee animal tissues are electrolytic conductors divided up by semiper- 
meable membranes, electric currents passed through them will certainly 
produce polarisation across the membranes, and it is consequently worth 
while to enquire first of all whether the excitatory change may not 
consist in such a polarisation. 

The knowledge that excitation demands a certain duration of 
current for its accomplishment at once inspires the hope that Nernst’s 
suggestion may be put to the proof, and as Sutherland“ has suggested, 
one is reminded by Weiss’s law of Faraday’s law of electrolysis. The 
most recent enquiries in his field are those of Lapicque“ The results 

This Journal, xxxv. p. 810. 1907. 
* Woodworth, Amer. Journ. Physiol. mt. p. 38. 1899. 
* Hoorweg, Arch. f. d. ges. Physiol. cxtx. p. 89. 1907. 
* Nernst, Zeitechr. f. Electrochemie, p. 665. 1904. 
® Sutherland, Arch, f. d. ges. Physiol. oxv. p. 622. 


© Lapioque, Journ. de Physiol. et de Path. gén., p. 565, and p. 620. 1907; C. R. de la 
Soc. de Biol. txt. p. 37. 
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which he has obtained are of the highest interest. He shows that the 
well-known relation between the duration of an exciting current and its 
minimal current-strength can be reproduced with great fidelity from ex- 
periments made upon the polarisation across an artificial semipermeable 
membrane separating two electrolytes. In place of the current-strength 
required to produce an excitation in nerve or muscle he measures the 
current-strength required to produce at each current-duration a definite 
back EM. r. of polarisation across his artificial membrane. The relation 
between current-strength and current-duration is identical in the two 
cases. The natural inference is that the effect which an exciting 
current has to produce is a definite degree of polarisation in the nerve 
or muscle. But if this were all, excitation would be independent of the 
rate of current-variation. Lapicque’ admits the difficulty and ends 
with the words: “It is a defect, it is not an objection; one must 
recognise that these ineffective currents increase very slowly by com- 
parison with the durations considered here; it is a question of times 
ol a different order.” In view of the more precise knowledge which we 
now possess we may enquire whether the existence of a minimal 
current-gradient for the excitation of nerve is any bar to the identifica- 
tion of the.excitatory process with a simple polarisation. 

We have seen that in muscle the production of a local cathodic 
contraction is independent of current-variation in the exciting current. 
For the production of a conducted disturbance on the other hand there 
is a definite minimal current-gradient. In the case of nerve also a 
certain rate of current-variation is essential if a conducted disturbance is 
to be provoked. The question of a local excitation of nerve could not 
be tested, since we have no criterion of excitation in a nerve except the 
effect produced when the excitation is conducted. 

Now it is a question of the greatest importance for the theory of 
electric excitation whether the local cathodic contraction produced in 
muscle by an unvarying current involves the same excitatory process as 
that which is produced in the muscle when a conducted excitation is set 
up. If the two are identical, then it is clear that the conditions 
required for the mere production of the excitatory state might 
conceivably be shown to correspond completely with those necessary for 
the production of a simple polarisation, a definite current-gradient 
being necessary for neither. The need for a current-gradient would 
then appear as an additional requirement connected not with the 


La pie que, Journ. de Physiol. et de Path. gen. p. 685. 1907. 
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production of the excitatory state, but with its spread as a conducted 
disturbance to neighbouring parts of the tissne. It might be shown in 
fact that excitation meant merely the production of a certain concentra- 
tion of ions, and that the change did not spread to neighbouring parts 
of the tissue unless the ions were moved at a certain rate. : 

But if the local cathodic contraction does not involve the ordinary 
excitatory change ; if, as may well be, the current at constant value acts 
directly on the contractile mechanism, and so produces a contraction 
without calling the excitatory change into existence at all, then the 
need for a minimal current-gradient may be a more serious bar to the 
identification of the excitatory change with a polarisation. For in this 
case it would be necessary to suppose that the required concentration of 
ions could not be produced unless the current used were varying at 
a certain minimum rate. And a simple polarisation requires no such 
variation of current. Some additional factor would therefore have to be 
called in, such as would render the current less effective as the time of 
its passage increased. 

I hope soon to publish some experiments dealing with this question. 

The comparison which Lapicque draws between the conditions 
necessary for setting up a conducted disturbance in nerve and those 
necessary for producing a simple polarisation in his model, is of course 
perfectly legitimate, in spite of the fact that the nerve requires a 
current-variation and the polarisation does not. For the rates of 
current-variation in the currents used to determine the relation of 
current-duration to current-strength in the nerve are all extremely great, 
so great indeed as to lie in that region of current-gradients where current- 
variation may be changed considerably without involving any percep- 
tible change in the liminal current-strength. That such a region 
exists for nerve we know from the experiments of Gildemeister’; the 
curves plotted in this paper show that it exists also for muscle. 

In discussing in a former paper* the reason why in any excitable tissue 
the liminal current-strength began to increase when the current-duration 
was reduced beyond a certain fixed value, I came to the conclusion that 
such a duration was equal to the time occupied by the excitatory 
process in just reaching its full value. It is interesting to observe that 
on the assumption that excitation means polarisation the same would be 
true, For the current-strength would need to be increased only if the 
current-duration were not long enough to allow the necessary concen- 
tration of ions to be completed. The duration at which the liminal 

1 loc. eit. 2 loc. cit. p. 319. 
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current-strength began to increase would therefore be that at which the 
polarisation effected by the minimal current just reached its full value. 


SuMMARY. 


A series of electric currents, increasing to their full values directly 
as the time but with different gradients, is sent into the sciatic nerve of 
the toad. It is found that as the current-gradient is decreased the 
current-strength required for excitation increases more and more 
rapidly, until a definite minimal gradient is reached. No gradient less 
steep than this will excite, even though the current-strength ultimately 
reached be as much as eight times as strong as the current-strength 
required to excite with an instantaneous increase of current 

In toad’s nerve between 10°C. and 11°5° C. the minimal gradient is 
such that a current increasing along it would reach in one second about 
45 times the current-strength required for minimal excitation with 
a current increasing instantaneously. 

In frog’s nerve kept under like conditions the minimal gradient is 
steeper. It is such that in one second a current would be reached 60 
times as great as that required for minimal excitation with a current 
increasing instantaneously. 

These results are obtained by experimenting upon the tissues 
between one and seven hours after excision. During this period the 
value of the minimal gradient remains remarkably steady. During the 
first hour after excision the minimal gradient is unsteady. _ 

Direct excitation of the toad’s sartorius muscle shows that for the 
production of a local contraction the liminal current-strength is identical 
whether the exciting current increases instantaneously or in any time up 
to 12sec. Experiments were not made with gradients less steep than this. 
If however the experiment is so arranged that only excitations conducted 
away from the seat of stimulation are recorded, the liminal current- 
strength increases with decrease of the current-gradient in a curve 
similar to that obtained from the experiments on nerve. The minimal 
current-gradient for the muscle is such that a current would reach in 
one second 4˙4 times the value required to produce a minimal excitation 
with a current increasing instantaneously. The minimal gradient for 


nerve is therefore about ten times as steep as that for the muscle of the 
same animal. | 
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THE EFFECT OF HIRUDIN UPON THE GASES IN 
ARTERIAL BLOOD". By J. BARCROFT, MA, Fellow 
of King's College, anv G. R. MINES, B.A., Scholar of Sidney 
Sussex College. 


(From the Physiological Laboratory, Cambridge.) 


THE investigation of the gaseous exchange of the organs in the body 
has always been hampered by the proneness of the blood to clot in the 
cannulae and the apparatus used. In the case of large organs such as 
the kidney this is a less serious embarrassment than where smaller parts 
of the body are concerned, 

Hitherto the most successful method of eluding this difficulty has 
been that of Chauveau and Kaufmann, namely; to work upon the 
horse, in which a relatively small organ is absolutely large, and in which 
the blood is reputed to clot much less readily than in other animals. 

Where dogs have been the subjects of research the injection of 
peptone or leech extract, or defibrination of the animals’ blood, has been 
resorted to by various workers, Of the first and third of these it can 
only be said that they are very undesirable. Peptone has been shown 
to induce considerable changes in the animal’s blood-gases* as well as in 
the activity of many of its functions; defibrination subjects the animal 
to an unduly severe operation. 

Leech extract in its crude form was used by Bohr; it fell into dis- 
repute partly because its effects were credited to the albumose which it 
contained*——a view now quite given up—and partly on account of its 
great uncertainty. | 

The researches of Jacobj and others show that the preparation of 
leeches known as Hirudin is free from most of the objections 
enumerated‘. Bodong' found that in rabbits it produced nothing more 

1 A preliminary account was given to a meeting of the Physiological Society on 
January 26th, 1907, 

* Lahousse. Archiv. f. Anat. u. Physiol. p. 77. 1899. 

* Dickinson. This Journal, XI. p. 566. 1890. 


Jacobi. Deutsch. Med. Woch. No. 82. 1902. Schittenhelm and Bodong. 
Arch. f. exp. Path, u. Pharm. uty. p. 217. 5 Bodong. Ibid. um. p. 242. 
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than a transient lowering of the arterial pressure, it left the animals in 
good condition and it freed the blood with certainty of its power of 
clotting. The injection of hirudin seemed therefore to be an effective 
means of preventing clotting in blood-gas experiments. It remained 
however to be proved whether it produced any alteration in the 
gases themselves. This point forms the subject matter of the present 


paper. 
The hirudin which we have used has been prepared for us by 


Messrs E. Sachsse and Co., Leipzig, and the dose in which we have 
injected it has been 2 gram of hirudin for every 5 kilos of body weight; 
the strength of the solution being about 1°/,, unless otherwise stated. 
The anwsthetic used has been A. C.,. mixture, except in Exp. 3, in which 
urethane was used. 

Effect of adding hirudin to blood. Before discussing its injection, 
it should be said that hirudin bas no specific effect on the gases in drawn 
blood. This is shown by the following sets of analyses in which 1% 
hirudin in Ringer’s solution was added to one portion of defibrinated 
blood, whilst the same quantity of Ringer's solution without hirudin 
was added to another. In each case the quantity was 4 parts of solution 


to 96 of defibrinated blood. 8 
Percentage of gases in defibrinated blood 
i Exp. 12 
wWun hirudin Without hirudin ‘With hiradin Without hürudm 
0, 147 15-0 15-0} 148 152 155 
00, 177} 1177 15 146 


Effects of injection of hirudin. Our method of studying the 


effect which intravenous injection of hirudin produced on the gases of 


arterial blood was varied in several ways: 

(1) The blood was withdrawn directly from the carotid artery with 
a syringe. The instrument used for this purpose is the “All Glass 
Syringe” supplied by Messrs Burroughs and Wellcome and fitted with a 
hypodermic needle. Into this syringe a little 1% hirudin is sucked and 
most of it is expelled, care being taken that no air remains in any part of 
the instrument. The needle is then inserted into the carotid artery and 
the arterial pressure is frequently sufficient to fill the barrel with blood. 
The piston is forced out to a point marked in the syringe about one-tenth 
of a cubic centimeter beyond the zero. The barrel is rotated a few 
times on its axis to mix the blood with the hirudin and then the piston 
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is brought to the zero. The blood in the needle, which has not been 
mixed with hirudin, is thus expelled. 

The syringe must of course be calibrated ; the volume of hirudin in 
the “dead space” of the syringe is approximately 04 c.c. and is thus 
only a small fraction of the 11 c.c. of blood withdrawn. Any slight error 
in the dilution (such as would be produced if for instance the amount 
of blood withdrawn was 1°13 c.c.) is negligible, On the other hand the 
amount of blood delivered by the syringe as 1 c.c. is very constant. 

[Four successive weighings gave: 1039, 1-034, 1034, 1041 grams of 
(cat’s) blood of s.a. 1044.] 

The blood from the syringe is delivered very neatly (much more 
so than from a pipette) into the ammonia in one of the blood-gas 
bottles, for analysis by the chemical method. This device is extremely 
useful for rabbits and cats, and would probably be found efficacious 
for the abstraction of human blood from a vein for blood gas analysis. 

(2) In the majority of our experiments, more especially the earlier 
ones, the blood was collected in tubes of suitable size, partially filled with 
mercury. The rubber tubing from the cannula in the artery was so 
placed that its orifice was just above the surface of the mercury. So 
much of the tube as was not occupied by quicksilver was filled with 
blood and the whole was closed with a rubber cork Care was taken to 
exclude all bubbles of air. The blood and the mercury were then shaken 
together. This procedure was observed both before and after the 
injection of hirudin, so that the results might be comparable in every 
way. 

The size of the tubes was regulated by the method of analysis 
the animal employed. If the chemical method was used in the case of 
the dog, their capacity was about 10 cc. and they were half filled with 
mercury. There was then ample blood to make the analyses in duplicate. 
If the mercurial pumps were used for the analysis about 15 cc. of 
blood were withdrawn at a time and of these about 10 ce. were 
analysed. In the case of smaller animals smaller tubes were used and 
smaller quantities taken. 

Preliminary results. In the first series of injection experiments the 
hirudin produced a result which was constant in sense but variable in 
degree. The oxygen in the arterial blood rose to a greater or less extent 
whilst the carbonic acid fell. The latter effect was the more pronounced. 
Thus: 
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Exr. 8, Dog, 5 kilos; urethane; 2 gram hirudin injected at 1 h. 5m. Gases 
analysed by chemical method. 
Gases in arterial blood (in c.c. per 100 C. c. of blood) 


Time —12 h. 50 m. ih, om. Lh. 12m. ih, am. 
15-2 148 17-6 178 
Oxygen 1217 146 16 14-7 18 18-2 173} 176 
88-4 41-1 38-6 40-6) 
Carbonic acid 40% 8.0888 39-5; 4072 


Expr. 4. Dog, 18 kilos. 4. 0. n. mixture. 8 gram of hirudin injected at 3 h. 23 m. 
Sample of blood withdrawn after injection remained fluid for 24 hours. 
Gases in arterial blood (in e. c. per 100 c.c. of blood) 


“Time:—8 h. 15 m. th, . 
16˙3 17•˙1 
Oxygen 188 16˙1 178} 17°2 
518 478 
Carbonic acid 471 


Exp. 5. Rabbit, 3-5 kilos. A. C. n. mixture. 14 gram of hirudin at 3h. 0 m. 
Gases in arterial blood (in cc. per 100 c.c. of blood) 


Time —4 h. 45 m. 2h. 58 m Sh. 12m. Sh, 23m. 
Oxygen 12-4 11-2 18-2 12-2 
Carbonic acid 39°3 41:8 86°5 


The change in the oxygen may be discussed first. A rise in the 
oxygen in the blood may come from one or both of two causes: (1) a 
greater degree of saturation of the hemoglobin; (2) a greater concen- 
tration of the blood. Any considerable rise from the former cause would 
imply a deficiency in the respiration of the animal prior to the injection 
and might be then produced by increased respiratory activity. It would 
be accompanied by decreased CO, in the blood in such a case. If the 
respiration were brisk before the injection, increase in respiration would 
produce a fall in the carbonic acid without any great rise in the oxygen. 

As considerable increase of respiration was observed in each of the 
above experiments and as the figures were just such as would have been 
accounted for by it, the possible changes in the concentration of the blood 
were not investigated. 

If the changes in the blood-gases were due, as has been suggested, 
to increased respiratory effort, they should not appear in animals under 
artificial respiration in which curare was given in addition to the anes- 
thetic, and in fact they did not. 


Exr. 6. Cat, 8°5 kilos. 4. C. . mixture, 11 h. 85m. injection of 8 ¢.c. of 1 °/, curare 
into jugular vein. Artificial respiration. 12 h. 17 m. injection of -14 gram hirudin. 
Gases in arterial blood (in c. per 100 <.c. of blood) 
Time :—11 h. 65 m. 12h. 15 m. 12 h. 85 m. 


Oxygen 19˙2 19°6 18-0 
Carbonic acid 80°8 34˙7 31˙6 
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Exp. 7. Cat, 2 kilos. 4.0. . mixture. 2 ¢.c. of 1°/, curare injected intravenously, 
8h. 31 m.—8 h. 88 m. 1 gram of hirudin injected. 


Gases in arterial blood (in c.c. per 100 Cc. of blood) 


‘Time —8 h. 25 m. sh, 8m. 

Oxygen 187 11050 
86-8 

Carbonie acid 84-7 33-1; 872 


The cause of the augmented respiration. Several tracings from the 
dog and cat, of which Fig. 1 is one, show that the increase in the 
respiratory rhythm follows closely upon the fall of blood-pressure which 
is induced by hirudin. This curve is not a typical one so far as the 
degree of the changes is concerned. On the other hand it has been 
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Fig. 1. Upper curve shows respirations, upstroke =i ti Lower curve is of arterial 
pressure taken with mercurial manometer, 4A—A'= = injection of hirudin, B—B' appli- 
cation of abdominal bandage. 


chosen because it shows in an exaggerated degree the features which are 
ordinarily present. In this experiment the fall of arterial pressure 
produced by the hirudin amounted to 40 millimetres of mercury, and 
effort was made to restore it by bandaging the abdomen at B, but the 
pressure never rose to any considerable extent and the animal rapidly 
succumbed’. 
Considering the fact that the fall of blood-pressure always pre- 
1 Death has been caused in one or two other experiments in dogs; we have only had 


one fatal case in a cat and none in rabbits. In each of the fatal cases the hirudin had 
been injected quickly. 
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cedes the quickening of respiration, it does not seem necessary to 
go further in search of a cause for the augmented respirations than the 
cerebral anwmia which is produced by the fall of arterial pressure. 

The cause of this fall of pressure may be seen from Fig. 2. The 
upper curve represents the volume of the intestines as shown by a 
plethysmograph, the lower one is the curve of arterial pressure. 

At the beginning of the tracing there is a slight fall in both curves, 
but upon injection of the hirudin there is a considerable increase in the 
volume of the intestine accompanied by a great fall in blood-pressure. 
The blood is shortly restored by augmented cardiac action. This causes 
a second summit to appear in the curve of the intestinal volume. When 


Fig. 2. Cat. Upper curve=intestinal volume registered with a plethysmograph and 
bellows recorder, rise in curve=increased volume. Lower curve=arterial pressure by 
mercurial manometer. Eleven minutes elapsed between the two portions of the curve. 
A—A'=injection of 11 gram of hirudin in 5¢.c. of Ringer’s solution. V and V' are 
stimulation of the vagus nerve. Time=minutes. 

the effect had passed off we stimulated the vagus nerve, as a control; it 

will be seen that the blood-pressure fell and that this fall was accom- 

panied by a decrease in the volume of the intestine. 


Our conclusion as to the cause of the slight change which hirudin 


produces upon the gases of the blood, is that it is an effect which is 


incidental to a chain of other circumstances. 

The primary effect is dilation of the peripheral vessels in the visceral 
area and presumably elsewhere ; this produces a fall of arterial pressure 
which causes cerebral anemia and consequently increased. respiration. 
The increased respiration decreases the amount of carbonic acid in the 
blood to a slight extent and it tends also to increase the oxygen. 

Method of avoiding the more severe effects. The effects which have 
just been described may be avoided to a great extent by making the 
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injection very slowly (i. e. taking 10 to 15 minutes for it). A record 
of arterial pressure during such an injection is shown in Fig. 3. There 
was a gradual fall of pressure at first, and the injection was stopped for 
3 minutes. Throughout all the later part of the injection the arterial 
pressure was well maintained and was higher at the end of the injection 
than at the beginning. The blood-gases at the beginning and at the 
end of the experiment did not differ by an amount which was outside the 
experimental error of other experiments. As the analyses were made 
by the pump on samples of 11°7 cc. and 148 c.c. respectively it is probable 
that they do represent an actual difference. 


Fig. 3. Dog. Arterial pressure with mercurial manometer during slow 
injection of hirndin. 


Exr. 8. Dog, 55 kilos. A. 0. x. mixture. 22 gram in 25 o.. of salt solution of 
hirudin injected at the rate of 1 c.. every half-minute. Injection from 2 h. 41 m. to 
2 h. 44 m. 15 8. and from 2 h. 47 m. 15 8. to 2 h. 55 m. 15 6. 5 


Gases in arterial blood (in c.c. per 100 c.c. of blood) 


“‘Time:—2 h. 40 m. shim 
Oxygen 186 19°5 
Carbonic acid 472 46°2 


This result has been confirmed upon the cat and the rabbit. The 
experiments were mere repetitions of the above with the appropriate 


doses. 
Gases in arterial blood (in c. c. per 100 c. c. of blood) 


“ Cat (Exp. 9) Rabbit (Exp. 10) 
“Time :—Before injection After injection ~ Before injection After injection 
15°38 
Oxygen 161} 160 148 15-1 12°6 130 
89°1 40°8 
Carbonicacid 3.488 30.8 40 25 ·6 


In Exps. 8, 9 and 10, the gases before and after the slow injections 
of hirudin differ but slightly and the differences are not constant in sense 
either in the case of the oxygen or the carbonic acid. We have 
performed two experiments, Exp. 11 on the cat and Exp, 12 on the 
rabbit, in which injections of saline solution have been made in place of 
bdirudin dissolved in saline. Our object has been to ascertain the limits 

of the variations in the blood-gases due to incidental causes. The result 
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has been to show that the variations which we have obtained in Exps. 8, 
9 and 10, fall within these variations. 
Exp. 11. Oat, 3 kilos. Ad n. mixture. 12h, 17 m. to 12 h. 27m. 0°5 e. c. of saline 
solution injected every half-minute. 
Gases in arterial blood (in c.c. per 100 cc. of blood) 


“Time :—12 k. 10 m. 12h. 18 m. 12h. 82m. 12h. N 
Oxygen 161 161 15°2 14-4 
Carbonic acid 89°1 89 ˙1 881 39 4 


Exp. 12. Rabbit, 19 kilos. 4... mixture. 12 h. 89 m. to 12 h. 47 m. injection 
of saline solution 0-5 b. 0. every half- minute 12 h. 54 m. 


Gases in arterial blood (in c.c. per 100 c.c. of blood) 


Time :—12 h. 23 m. 12 h. 28 m. 12h. 68 m. ih. 3m. 
Oxygen 9-2 95 98 
Carbonic acid 26°6 82°9 82°6 
CONCLUSION. 


For purposes of blood-gas research “hirudin” is an extremely 
valuable preparation. It may either be injected into the animal (dog, 
cat, rabbit) in a dose of 2 gram per kilo, made up to 1% in saline 
solution, or a small quantity of this solution may be placed in the “dead 
space” of a suitable hypodermic syringe and the blood withdrawn 
directly from a vessel—a method suitable for human blood. In neither 
case does coagulation occur. 

The changes in the gases of arterial blood which occur when an 
intravenous injection of hirudin is made are discussed, these changes are 
reduced to the limit of casual experimental variations when the injection 
is made at a rate of about 0°2 cc. per kilo of 1°/, solution every half- 
minute. If hirudin is injected too rapidly, death may occur. 
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A NOTE ON THE QUANTITIES OF MARSH-GAS, 
HYDROGEN AND CARBON DIOXIDE PRODUCED 
IN THE ALIMENTARY CANAL OF GOATS. By 
A. E. BOYCOTT anp G. C. C. DAMANT. 


(From the Lister Institute of Preventive Medicine.) 


It is well known that in herbivorous animals fermentation in the 
alimentary canal produces a not inconsiderable amount of CO, which in 
respiration experiments cannot be separated from that arising by tissue 
metabolism. Since these fermentations are, for the most part at any 
rate, anserobic, a knowledge of the quantity of CO, arising therefrom is 
of importance, not only in measuring the CO, production as an index of 
tissue activity, but also in calculating the respiratory quotient. This 
intestinal CO, cannot be measured directly: considering however that 
the chief fermentations—those of carbohydrates—which give off CO, 
produce at the same time hydrogen and marsh-gas, an attempt has 
been made to arrive at some idea of its quantity by (1) observing the 
total quantities of CO,, H and CH, given off by animals, and (2) esti- 
mating the ratio between the CO, and combustible gases arising from 
the fermentation of the contents of the stomach and intestines. 

The present series of experiments were made upon goats in an air- 
tight steel pressure chamber of 9500 litres capacity without ventilation. 
Controls showed that the production of CO, by the chamber itself, even 
when much soiled with feces and urine, was negligible and that of H 
and CH, nil. Several goats were put in the chamber for each experiment. 
The animals were fed on hay with a small quantity of oats: with one 
exception the experiments began 2 or 3 hours after a meal and no food 
was given until the observation was completed. Hourly samples of the 
air inside the chamber were withdrawn and analysed in duplicate or 
triplicate with a delicate form of the Haldane apparatus, and in all 
cases the CO, production in the successive periods was found to be quite 
regular. The combustible gases were burnt with an incandescent 
platinum spiral and the results calculated on the assumption that no 
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combustible gases other than CH, and H were present. The analytical 
figures were never in disagreement with this assumption, and several 


estimations of the oxygen consumed in the combustion were concordant — 


with it. 
(1) The results of ten experiments are shown in the following 
table 


Duration — 

1 M 6 1118 8 17 5618 S804 59 £108 

II M6 1918 5 18 5304 M6 41 «2106 

II M 7 101 7 16 3846 174 61 091 

IV M 6 193 6 16 3818 11˙6 87 0-82 asting 20 hours. 

V NX 7 140 4 15 394 146 £87 — at +21 lbs. pressure. 
VI M 7 1427 4 18 46 64 58 — at +45 lbs. pressure. 
VI M&F 18 2957 4 4 844 196% 1°08 at +45 lbs. pressure. 
Vir F 6 1888 6 11 346 227 66 O90 

x F 8 19837 7 16 2883 100 85 # £4082 

x F 8 1987 4 18 838 184 57 — at +45 lbs. pressure. 
Average 382 192 6˙0 — 
Average of 7 complete exps. 79189 50 095 


These results show that goats produce from 10 to 30 c.c. of H and 
CH, per kilogram per hour’ which is equal to from 3°5 to 6°6 per cent. 
by volume of the total CO, produced in the same time. On anaverage 
the combustible gases equal 5 per cent. of the total CO, and 
an average goat of 20 kilograms produces about 9 litres a day. The 

proportion between H and CH, is variable: on an average the CH, 
forms two-thirds of the total combustible gas“. 

(2) In the next series of observations the 8 of the ratio 
between the CO, and the combustible gases given off by fermentation 
of the contents of the alimentary canal was . in several ways. 


The figures given below indicate the volume ratio (A. f The total 
quantity of gas arising by fermentation in different parts of the stomach 


1 This corresponds with the results of Colasanti (Pfliiger’s Arch. rv. p. 92, 1877), 
who found that guinea-pigs gave off on an average 24°6 C. o. of CH, and H per kilo per hour 
=2°6°/, of the total CO,. In cows the CH, equals about 2°8 % of the total CO, (Kellner, 
Landwirtach. Versuchs. Stat. rt. 1900), See also D. Finkler (Pfliiger’s Arch. xv. p. 608, 
1877), Wolfers (ibid. xxxm. p. 265, 1883), and J. A. Fries (Amer. Journ. Physiol. xv1. 
p. 468, 1906). 

It is to be noted that the combustible gases produced in experimental fermentations 
of carbohydrates are variable. For the most part sugars give off H and cellulose CH., but 
cellulose may be decomposed with the production of H and there is evidence that one type 
of fermentation may change to the other. 
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and intestines cannot be exactly determined in vivo owing to the 
exchange, partly of a differential kind', which is going on with the blood; 
and results as to absolute quantities obtained by observations in vitro 
cannot be regarded as in any way reliable in detail. As far as they go, 
such experiments show that the greater part of the gas is given off in 
the first, second, and third stomachs. A considerable experience of the 
appearances found in freshly killed goats bears this out. The stomach 
habitually contains several litres of gas while the intestines never show 
more than a few bubbles, and though the contents of the small intestine 
give off a fair amount outside the body, the contents of the first and 
second stomachs give off far more, while from the contents of the cecum 
and fourth stomach only very small quantities are obtained. In the large 
intestine the contents are dry and fermentation has practically ceased. 
It may also be noted that the contents of the stomach considerably 
exceed in bulk those of the rest of the alimentary canal, weighing on an 
average 6 times as much. It also appears that most of the gas leaves 
the body per os and not per anum: the actual passage may be easily 
observed in goats. Under a pressure of + 45 Ibs. the apparent production 
of combustible gas in several experiments was nil for as long as two 
hours, and a rapid diminution in pressure resulted in an immediate 
increase: this is not in accord with the supposed exit of the greater 
part of the intestinal gases ma the lungs*. 


A. Gas found in the stomach immediately after death (5 goats). 
203 28; 54; 1˙8. 
47 
B. Stomach removed entire and incubated at 36°—87°, the gas which accumulated 


being sampled and emptied out from time to time. The peritoneum soon dries and the 
stomach becomes fairly gas-tight. 


I I III 
0-2 hours 1˙5 0—2 hours 11°83 1°35 
25 17 2—4 14˙6 1-7 
5—9 2-1 4—6 12°8 
9—11 20 6—8 112 
11—33 80 8—21 109 
33—38 23 
38—41 3˙1 


In experiments I and III the combustible gas was almost all OH,: in II chiefly H. 


1 Boycott. , This Journal, XXIII. p. 348. 1905. 
* Zuntsz. Arch. f. Physiol. p. 884. 1894. 
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286 A. E. BOYCOTT AND G. C. C. DAMANT. 
©. Contents of stomach, etc, removed and incubated in vitro at 87°, the gas being 


collected over mercury. 
Ist stomach nd stomach rd stomach 4th stomach Small int. Caecum 
O— 2} hrs. 70 — — — 2˙¹ 310 
8—20 76 9-1 6˙8 80 8°6 26°1 
25—27 — 4˙9 — — 
27—51 15°2 56 866 81°4 22°38 — 
51—75 12°7 18°4 153 32˙2 12°7 “= 


In another experiment the contents of the first stomach gave ratios of 6 1, 5°6, 74, 9°3 
and 10-2 in five successive periods of 24 hours. 


The observed ratios Ci. 2 R thus vary within very wide limits. 
Disregarding on the one hand the high ratios observed when the 
contents had been removed from the body for many hours, and 
considering on the other hand that the loss by escape through the 
stomach walls, saturation of the contents of the fermentation flasks, etc. 
would fall on the CO, rather than on the combustible gas, it would 
seem not unreasonable to assume that at least twice as much CO, as 
combustible gas arises from fermentation in the alimentary tract’. 
Since the combustible gas equals 5% of the total CO,, it follows 
that on an average at least 10°/, of the total observed CO, 
arises from fermentation and not from tissue metabolism. 

There is little doubt that the bacterial action concerned in these 
processes goes on ahwrobically. There is therefore a correction to be 
made in the observed respiratory quotient. On the assumption that 


the ratio onan? the figures already given are corrected as 
follows :— 


Number — 2786. Observed R. G. Corrected R. d. 
I 59 1-08 0-91 
1 4˙1 1-06 0°97 
III 5˙1 0-91 0-82 
IV 3˙7 0-82 0-76 
VII 5˙7 1-08 0°96 
VIII 6°6 0-90 0-78 
IX 3˙5 0˙82 0-76 


It is possible that some of the methane and hydrogen may be used up in the alimen- 
tary canal by the bacteria recently described by Séhngen (Cent. f. Bakt. Abt. 1. xv. p. 513, 
1905), Kaserer (ibid. p. 573 and xvi. pp. 681 and 769, 1906), and Nabokich and Lebedeff 
(ibid. xvit. p. 350, 1906). This occurrence would increase the quantity of CO, arising from 


the intestine by the amount of CH, oxidised, but it yould not very materially affect the 
present calculation. 
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The mean respiratory quotient falls from 0°95 to 0°85 (at most), a 
figure which is not in accordance with the view that cellulose is dealt 
with by the tissues as a carbohydrate rather than as a fatty acid 
arising from the carbohydrate by bacterial action before assimilation. 

It would seem appropriate that the respiratory activity of different 
animals should, for comparative purposes, be expressed in terms of their 
“clean” weight, te. the total weight less the contents of the alimentary 
canal. A number of observations have shown that the contents of the 
stomach and intestines constitute on an average 18°8°/, of the total 
body weight in goats, the extreme figures being 16°4°/, and 22°7°/,'. A 
series of 27 estimations of the CO, production of normal goats of 12 to 
30 kilos, including those given above, gives an average of 410 cc. 
(0811 grm.) per kilo per hour, and 997 c.. (1971 grms.) per 1000 
sq. cm. of surface. Deducting the estimated CO, production of the 
contents of the alimentary canal and reducing the weight of the animals 
by the weight of these contents, we obtain a corrected mean figure of 
453 C.. (0896 grm.). This correction would be more important with 
small animals having considerable intestinal contents. 


Proceedings of the Physiological Society, this Journal, vol. XXXVI. p. xiv. 1907. 
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THE PRECIPITATION OF THE PROTEINS OF HORSE 
SERUM. By JOHN MELLANBY, M. D., George Henry 
Lewis Student. 

(From the Wellcome Physiological Research Laboratory and the 
Physiological Laboratory, Cambridge.) 


CONTENTS. 


Precipitation by— 
(A) Water 
(B) Neutral salts 
(0) acids 
(D) Salts of the heavy metals P 
(E) Aleohol . 


Historical. The proteins of serum have been investigated mainly by 
experiments involving their precipitation. 

Panum™ drew attention to the fact that the proteins of serum could 
be differentiated into two groups by dilution with water and neutralisa- 
tion with acetic acid. The precipitate obtained by this procedure— 
globulin—is insoluble in water but soluble in dilute neutral salt solution, 
the protein remaining in solution—albumin—cannot be precipitated by 
dilution nor by the addition of acid. These properties are quite definite 
and serve as an adequate means of differentiating the two classes of 
proteins. 

But the power of neutral salts in large concentrations to precipitate 
proteins from solution served, according to Hammarsten™, to further 
differentiate these two classes of proteins. He stated that the saturation 
of serum with magnesium sulphate precipitated globulin completely and 
globulin only. 

Hofmeister stated that the same separation could be effected by 
half saturation with ammonium sulphate, and Kauder using this salt 
came to the conclusion that the precipitate produced from serum by 
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magnesium sulphate was a single substance, since fractional precipitation 
yielded no evidence of a double nature. The extension of these salt 
precipitation limits to the definitions of globulin and albumin determined 
to a large extent the nature of the investigations which were subsequently 
made on the proteins of serum. 

Burkhardt“ stated that although Ham marsten had conclusively 
shown that saturation of a globulin solution with magnesium sulphate 
precipitated that protein completely, yet he had not proved that the 
addition of this salt in a like quantity to serum precipitated globulin 
only and no albumin. He precipitated serum by saturation with 
magnesium sulphate, dissolved the precipitate in water and dialysed the 
salt away. No complete precipitation took place even on further 
dilution and addition of acetic acid. Therefore, he said, some serum 
albumin was precipitated with the globulin. 

Hammarsten™ estimated the total globulin obtained by dilution 
and acidification as 10°/, of the total protein of serum, whilst in using 
magnesium sulphate the quantity increased to 43% To explain this 
discrepancy and the results obtained by Burkhardt he assumed that 
there were present. in the serum substances which influenced the 
solubility and precipitability of globulin. He based this assumption on 
experiments in which he treated serum with sodium chloride. After- 
wards on dialysis the quantity of precipitate produced was increased. 
The sodium chloride was supposed to have altered the substances which 
kept the globulin in solution. However, it was evident that the 
magnesium sulphate precipitate did consist of two parts. But instead 
of reverting to the old definition of globulin as that protein of serum 
which was insoluble in water but soluble in dilute salt solution the 
extended definition of precipitation by magnesium sulphate was 
retained. 

There thus came to be recognised two globulins. 

(a) Aglobulin soluble in water (Pseudo). (6) A globulin insoluble 
in water (Eu). 

E. Marcus“ stated that these two globulins had the same coagula- 
tion temperature, composition and rotatory power and differed only in 
their solubilities. 

Fuld and Spiro”—when working on the effect of blood on the 
coagulation of milk—found that the globulin fraction of serum (obtained 
by half saturation with ammonium sulphate), could be differentiated 
into three parts: (i) precipitated by 21°5°/, ammonium sulphate, 
(ii) precipitated by 28% —33 % ammonium sulphate, (iii) precipitated — 
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by 34 % —46 / ammonium sulphate, (i) had no effect on the rennet 
coagulation of milk, (ii) increased the effect, (iii) diminished the effect. 

In 1902, Freund and Joachim“ redetermined the properties of 
serum globulin (defined as that protein of serum which is precipitated 
by half saturation with ammonium sulphate). As a result of their 
analysis they stated that the precipitate so produced consisted of four 
fractions (exclusive of fibrin globulin). Precipitated by } saturated 
with Am,SO,: (a) insol. in H,O Paraeuglobulin, (6) sol. in H,O 
Euglobulin. Precipitated by 4 saturated with Am,SO,: (a) insol. in 
H,O Parapseudoglobulin, (ö) sol. in H, O Pseudoglobulin. It may 
be noted that this involved analysis depends for its existence on 
two statements. 

(a) That half saturation with ammonium sulphate precipitates 
globulin and globulin only from serum. 

(6) That one-third saturation of serum with ammonium sulphate 
precipitates a protein which assists rennet in the coagulation of milk 
and that that produced from the filtrate by the addition of this salt to 
one-half saturation hinders this action. 

As far as the first statement is concerned it is accepted that half 
saturation of serum by ammonium sulphate precipitates two proteins 
which differ according to their solubilities in water. The question is 
how far the precipitated protein soluble in water differs from the soluble 
protein left in the serum. There bas been no adequate proof adduced 
that any such differences exist—as far as the properties of this soluble 
protein are concerned they are identical with those ascribed to albumin. 
The name globulin applied to it rests solely on the assumption that half 
saturation with ammonium sulphate or full saturation with magnesium 
sulphate precipitates globulin only. 

The existence of two substances in the different ammonium sulphate 
fractions augmenting and inhibiting the action of rennet cannot be taken 
as a proof that the addition of salts in these quantities differentiates the 
main mass of precipitated proteins. The addition of the majority of 
proteins to milk inhibits its coagulation by rennet to some extent— 
even finely divided coagulated egg white is, capable of producing this 
effect. As far as the rennet augmentor effect is concerned the presence 


of a very minute quantity of a proteolytic ferment attached to the 


precipitated protein would produce this result and does not necessarily 
indicate a definite property of the whole of the precipitated protein. 
The accuracy of this statement is evident from a consideration of the 
properties of diphtheria antitoxic serum. 
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The impossibility of separating vegetable globulins and albumins 
when their solutions are mixed by means of their precipitation limits 
with ammonium sulphate has been proved by Osborne and Harris”. 
The question arises as to whether ammonium sulphate and magnesium 
sulphate should be retained as salts capable of differentiating definite 
classes of proteins when added to solution of proteins in stated amounts. 
From the foregoing pages it is clear that they are incapable of separating 
serum globulin from serum albumin as originally defined. In the 
succeeding pages the curves for the precipitation of the proteins of 
serum by these salts are given, and it is evident from these curves that 
the differentiation of proteins by means of them does not rest on a well 
defined basis. In the precipitation curves there exist no definite breaks 
such as are necessary for the assumption that the addition of a certain 
quantity of salt precipitates one protein only and the subsequent 
addition of more salt initiates the precipitation of a second protein. 


(A) PRECIPITATION BY WATER. 


When serum is added to ten volumes of water a precipitate of 
protein is produced. If a little acetic acid be added to the diluted 
serum to neutralise its alkalinity the amount of protein precipitated is 
increased. The protein precipitated by this procedure is the serum 
globulin of Panum. Kuhne considered that the precipitate obtained by 
simple dilution differed from that obtained subsequently by the addition 
of acetic acid. The first precipitate he considered to be paraglobulin 
and the second sodium albuminate. But Heynsius™ showed that 
there was no distinction between paraglobulin and alkali albuminate. 
To prove this point more conclusively the solubility curves of the two 
globulin fractions in sodium chloride were determined. The two curves 
coincided, showing that so far as the property of solution in neutral 
salts is concerned, the two fractions are identical. 

From a general consideration of the properties of globulin there is 
no indication that the two fractions are different. Globulin may be 
dissolved either by neutral salts or by acids or alkalies. When dissolved 
in neutral salts simple dilution is required to effect precipitation ; when 
dissolved in acids or alkalies neutralisation of the solvent is required. 
In serum both types of solvent are present. But when globulin is 
dissolved in acids or alkalies the presence of small quantities of neutral 
salts initiates precipitation. Now salts are present in serum in a 


4 
4 
— 
7 
‘ 
4 
+ 


292 J. MELLANBY. 


quantity about equal to 8°/, sodium chloride. And if globulin exists 
in solution combined with the alkali present the problem arises as to 
why this globulin is not precipitated by the salts in solution. Evidently 
the ultimate soltition of globulin in serum must be of a different type 
from that which obtains in vitro. 

A. Schmidt considered that serum globulin did not exist in 
blood but was formed from some precursor during the process of 
coagulation. The differences in the properties of globulin obtained 
from plasma and from serum indicate the accuracy of this conclusion. 
Hammarsten estimated the amount of globulin precipitated from 
serum by dilution and the addition of acetic acid at about 6°/, of the 
total protein. The amount present in horse serum is variable, a 
maximum quantity being about 4°/, of the total protein. 

The influence of the dilution of serum on the quantity of electrolytes 
combined with the proteins has been dealt with in a previous paper du, 
and it was stated that although there is evidence of the decomposition 
of the protein salt complexes on dilution yet there is no sign of the 
precipitation of protein. It is evident therefore that in horse serum 
about 96°/, of the total protein is soluble in water. 


(B) PRECIPITATION BY NEUTRAL SALTS. 


(1) Ammonium sulphate. The quantitative precipitation of serum 
by ammonium sulphate was determined in the following way. 10 cc. 
of serum were placed into each of a series of test tubes. To these 
known weights of ammonium sulphate were added and dissolved. The 
tubes were allowed to stand for twelve hours and were then filtered. 
A measured amount of each filtrate was taken, coagulated, filtered on 
a hardened paper and the coagulum washed free from salt. The 
coagulum was then transferred to a weighed crucible and dried in an 
air oven at a temperature not exceeding 120°C. After drying and cooling 
the crucible was again weighed and the gain in weight gave the weight 
of the coagulum in it. From this weight and the quantity of protein 
in the serum the percentage of protein precipitated by a given quantity 
of ammonium sulphate was readily determined. The results obtained 
are given below. 

A saturated solution of Am, S0. contains about 52% of the pure 
salt. This, in terms of the Eq. Wt.=100, is 786. Half saturation or 
26 / equals 393. 
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417 817 

453 85°3 

492 91°8 

530 
The above results are depicted on Fig. 1. It may be noted that 
the curve is of a regular form. Half saturation with ammonium sulphate 
corresponds to the point (X) on the curve. At this point there is no 
indication of a change in the curve such as would warrant the statement 
that previous to this degree of saturation globulin only, and after it 

albumin only, was precipitated. 


20 75 32 38 30 


Fig. 1. Ordinates represent percentages of protein precipitated. Abscisse represent 
amounts of ammonium sulphate present. 10=Eq. Wt. of Am,S0,. 
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The influence of dilution. Serum was diluted so that solutions 
containing one volume of serum in three, five and ten volumes were 
obtained, The quantitative precipitations of these solutions by ammonium 
sulphate were determined by the method described above. The results 
obtained are given below. 


Percentage of protein precipitated 
Vol. 8 Vol. 5 Vol. 10 

245 14 — — 
263 — 9 6°5 
286 — — 19 
300 458 — 
312 — 48°5 36 
327 57°5 — * 
855 66 — 60 
408 78°7 767 74 
436 83 ·4 
456 — 83 ˙5 83 ˙5 
463 91°5 — ees 
490 — 89 ˙3 89˙1 


These results are shown on Fig. 2. It may be noticed that as 
the serum is diluted the efficiency of any given quantity of ammonium 
sulphate as a precipitant diminishes. 

The influence of temperature. Temperature has very little effect 
on the precipitation of the proteins of serum by ammonium sulphate. 
At 0° C. the salt is a little more effective as a precipitant than at 40° C. 
but the difference is so slight that the temperature coefficient was 
not determined. 

(2) Magnesium sulphate. The quantitative precipitation of the 
proteins of serum by magnesium sulphate was determined. Three 
series of experiments were done, using serum of different dilutions. In 
the first series 10 c.c. of serum were placed into a series of test tubes, 
and magnesium sulphate solution and water were added in varying 
quantities so that the total volume was 20 cc. in every case. In the 
second and third series 7°5 c.c. and 5 c.. of serum were taken, the total 
volume in these series after the addition of water and magnesium 
sulphate being 20 c.c. 

The precipitations were done at room temperature and after the 
addition of the magnesium sulphate and water the mixtures were 
allowed to stand for twelve hours, The contents of each tube were 
then filtered and a known quantity of each filtrate heated to 100°C. 
for ten minutes. The coagula were adequately washed and then 
transferred to weighed crucibles and dried at 120°C. From the weights 
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3 4l 47 


Fig. 2. Ordinates represent percentages of protein precipitated. Abscisae represent 
ü amounts of ammonium sulphate present. 10 EA. Wt. of Am, 80. (a) Serum 
diluted three times, (b) serum diluted five times, (e) serum diluted ten times. 


of these coagula and the amount of protein in the original serum the 
amount of protein precipitated was calculated. The following results 


were obtained : 
1 Percentage of protein precipitated 
10 c. e. serum 7e. e. serum e. e serum 

277 7°56 3˙⁵ 3°35 
816 18°5 15°5 
358 — 29°0 30°2 
396 40°6 862 36°6 
430 45 — — 
476 492 46 ˙0 
495 52°2 — — 
540 58 — — 


From these figures it may be seen that the precipitation of the 
proteins of serum by magnesium sulphate is of the same general type 
as by ammonium sulphate. In the case of this salt also the dilution of 
the serum diminishes the precipitating efficiency of a given quantity 
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of salt. But with magnesium sulphate the precipitation is never 
complete. 

(3) A comparison of ammoniwm sulphate and magnesium sulphate 
as precipitants. Since Hofmeister’s statement that half saturation 
with ammonium sulphate could be substituted for full saturation with 
magnesium sulphate in the precipitation of globulin these two salts 
have been assumed to possess similar precipitating properties when 
used in corresponding concentrations. A quantitative comparison of 
the precipitating efficiencies of the two salts is, therefore, of im- 
portance. ; 

Serum was diluted four times and the precipitations of the proteins 
of it by ammonium sulphate and magnesium sulphate were determined. 


‘The following results were obtained : 

Ammonium Sulphate. Magnesium Sulphate. 
265 11-6 277 
272 27°5 816 14°3 
280 858 30˙2 
287 34˙7 396 36°6 
296 89°2 476 46-0 
378 66°0 

455 776 

530 85°0 

605 91-0 


These results are plotted on Fig. 3 (B, O. 

It may be noted that although both salts start to precipitate the 
proteins of serum at about the same concentration yet ammonium 
sulphate is a much more effective precipitant than magnesium sulphate. 
From the two curves we can readily see how half saturation with 
ammonium sulphate and full saturation with magnesium sulphate corre- 
spond. Half saturation with ammonium sulphate corresponds to about 
26°/, of that salt. This, in terms of the equivalent weight as 100, equals 
395. At this point on the ammonium sulphate curve 71% of the total 
protein is precipitated. Full saturation with magnesium sulphate is 
obtained when about. 30% of the anhydrous salt is present. This, in 
terms of the equivalent weight as 100, equals 500. At this degree of 
concentration 47°5°/, of the total protein of the serum is precipitated. 
The difference between the two quantities of precipitated protein is 
too great to permit these quantities of the two salts to be interchanged 
in any series of precipitations. 
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(4) Comparison of the precipitations of serum and a globulin 
solution by ammonium sulphate. By the phrase “a globulin solution“ 
is meant a solution of that protein of serum which is obtained by 
dilution with water and neutralisation with acetic acid. 

The figures above give the quantitative precipitation of the proteins 
of serum by ammonium sulphate. 

A suspension of globulin was obtained by the method described in 
a previous paper . This suspension was dissolved in a little ammonium 
sulphate and the quantitative precipitation of the solution by larger 
quantities of salt determined. 


‘of fag, We = 100 


252 31°5 
265 44-7 
278 53˙3 
290 69°5 
303 78°7 
314 85°8 
330 100°0 


_ These results are shown graphically on Fig. 3 (A). 

From the globulin results the way in which half saturation with 
ammonium sulphate came to be stated as a precipitant for the globulin 
fraction of serum can be seen. Pure globulin is entirely precipitated 
from solution only when about 42°/, of saturated ammonium sulphate 
is present. When ammonium sulphate is added to serum to this 
extent about 50°/, of the total protein is precipitated. Hence arose 
the statement that half the proteins of serum consist of globulin. But 
in the two cases the characters of the precipitated protein are entirely 
different. Pure globulin is quite insoluble in water; of the 50°/, of 
protein precipitated from serum only about 2°/, is insoluble in water. 

The comparative curves are of value in showing how much more 
effective ammonium sulphate is as a precipitant for a protein which is 
insoluble in water than for a protein which is completely soluble in 
water. With the former class of protein complete precipitation occurs 
with about half the quantity of salt required to fully precipitate the 
latter class. 


(C) PRECIPITATION BY NEUTRAL SALTS IN THE PRESENCE OF ACIDS. 


The neutral salts which precipitate serum are limited to ammonium 
sulphate, magnesium sulphate and sodium sulphate. The last salt is 
difficult to work with since the precipitations must be done at a 


* 
4 
4 
‘ 


298 J. MELLANBY. 


temperature greater than 34°C., te, at a temperature at which the 
salt exists in solution as Na,SO, and not as the hydrated salt. 

But when acid is added to serum not only do smaller quantities of 
the above salts precipitate the proteins but the number of precipitating 
salts is greatly increased. The precipitation of serum by neutral salts in 
the presence of acids is, however, limited. Small quantities of acids left 
iu contact with serum for some time, especially at a temperature above 
25°C., tend to produce a jelly-like condition, and the serum in this state is 


gC 
4 

70 

B 
0 

10 

40 

20 

40 

14 30 36 42 48 


Fig. 3. Ordinates represent percentages of original protein precipitated. Abscisse 
represent salt present. 10=Eq. Wt. of Am,SO, or MgSO,. (A) Precipitation curve 
for globulin by Am,S0,. () Precipitation curve for serum by Am,SO,. (O) Pre- 
cipitation curve for serum by MgSO,. 


unworkable, The acid produces a chemical change in the serum as is 
evidenced by this jelly- like condition and the bleaching of the pigment. 
How far the effects on salt precipitation are due to a chemical change in 
the state of the protein and how faz = >'tered physical conditions has 
not been accurately determined. | 


The precipitation of serum by sodium chloride in the presence of 
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varying quantities of acetic acid, hydrochloric acid and sulphuric acid 
was determined. Acid was added to serum to the required amount. 
10 c. of this acidified serum was placed into each of a series of test 
tubes, and sodium chloride was added to the required amount. The 
mixtures were allowed to stand three hours and were then filtered. 
A known quantity of the filtrate was dried down in every case, and 
from the weight the quantity of protein precipitated was determined. 
The following results were obtained : 


i 


876 24-4 256 9-7 
408 38°8 298 15°5 
438 45°5 342 42 · 1 
472 58:3 385 5727 
503 69 427 72.0 
BN 
| 136 
171 45°5 
205 50˙ 
240 714 


The above results are depicted graphically on Fig. 4. The 
precipitating effect of sodium chloride may be seen to markedly 
increase with the increase in acidity. Since the precipitating curves 
for various strengths of acids are straight lines the effectiveness of any 
acid can be readily determined. 

The precipitation of serum by sodium chloride in the presence of 
hydrochloric and sulphuric acids was determined. 


N 2-5N 
478 52˙2 60 52˙2 
513 56˙4 78 59°3 
547 711 | 128 68˙2 
582 82 0 171 76˙8 
terms, Percentage of protein 
512 478 
531 61 
547 65°5 
581 80 


These results are shown graphically on Fig. 5. From the above we 
see that HCl and H, SO, are practically equal to one another as regards 
their influence on the precipitation of serum by sodium chloride. 
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Pig. 4. Ordinates represent percentages of protein precipitated. Abscissw represent 
amounts of sodium chloride present. 100=Eq. Wt. NaCl. 
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Fig. 5. Ordinates represent percentages of protein precipitated. Abscisse represent 
amounts of sodium chloride present. 100=Eq. Wt, NaCl. 
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From the acetic acid and hydrochloric acid curves we may compare 
the effects of various quantities of acids. Since the curves are all 
straight lines we may do this by taking any particular percentage of 
protein precipitated and comparing the quantities of sodium chloride 
required to effect this in every case. Suppose we take the amounts of 


salt required to precipitate 50°/, of the protein of the serum. We see 
that this requires 


475 25 N 
100 NaOl (N) with HOI 
100 NaCl Oh with HA 


1700 NaCl (8) with HA 


430 N 
100 NaCI (N) with 13 HA 


If we plot the quantities of acetic acid required as ordinates and 
the corresponding quantities of sodium chloride as abscisse we see that 
the effects of varying quantities of acids are directly proportional to one 
another, de., the curve is a straight line. If we do the same for hydro- 
chlorie acid and assume that in this case also the relation is represented 
by a straight line we can determine the relative effects of acetic acid 
and hydrochloric acid. The relation works out as follows: 

| acetic acid: hydrochloric acid : : 8: 100. 

We have seen that sulphuric acid has about the same effect as 
hydrochloric acid. These values correspond roughly with the avidities 
of these acids, and if we are permitted to argue from these few results 
we may state that the effect of acids on the precipitation of the proteins 
of serum by neutral salts is proportional to the chemical avidities of 
these acids. 

The quantitative results for the precipitation of serum by various 
salts composed of ions of different valencies have not been worked out. 
But there is one point of interest which may be noticed. The effect of 
the addition of acid is to make all the precipitation curves straight 
lines, a fact which points to the parabolic form of the neutral salt 
precipitation curvés being due to the forces involved in precipitation 
and not to any fundamental physical difference in the proteins of the 
serum. 

To determine the fate of an acid when added to serum various 
conductivity experiments were made. 
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The conductivity of serum when hydrochloric acid is added to it in 
varying amounts, To 10 C. of serum, hydrochloric acid and water were 
added, so that the total volume was 20 C.. and the required acidity was 
produced. The conductivities of the resulting solutions were determined. 


Increase in 
x 10-8 of HCI 


Original serum ne 166 -008 0806 
Original Serum 176 015 166 
Original serum . 30 HCI 106 038 un 
Original serum . 10 HC! “460 302 804 


From these figures it is evident that up to 20 HCI the hydrochloric 


acid does not exist free in the serum. Addition of acid to this strength 
causes a small proportionate increase in the conductivity of the serum, 
but this increase in conductivity is only about one-tenth of that of the 
original hydrochloric acid. 

The effect of adding hydrochloric acid to fractions of the same 
serum containing different percentages of solids was next determined. 
Serum was frozen and then allowed to melt at room temperature. 
When resolution was complete various layers were syphoned off. The 
effect of low temperatures on serum has been considered in a previous 
paper™, To 10 cc. of each of these serum fractions, water and 
hydrochloric acid were added, so that the total volume was 20 c.c. and 


the acidity = HCl in every case. 


The conductivities and other constants of these 8 were then 
determined. 


— in 100 e. e. x10-3 to HCix10-* 
1 “93 058 885 332 
2 2°14 092 297 2⁰ 
3 4°05 187 6 079 
4 5°32 “168 241 073 
5 6°19 182 22 980 
208 276 073 
77 288 “076 
20 N — 455 — 
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conductivity of the serum fraction on the addition of 20 Hol is large 
until about four per cent. of total solid is present. After this the 
increase in conductivity after adding 5 HCI is small and is practically 
constant over a large increase in the total solid present. The results of 
the above experiments indicate that the addition of a definite quantity 
of hydrochloric acid to serum results in its neutralisation. The 
maximum amount of acid which may be neutralised depends upon the 
quantity of total solids in the original serum. There are two 
constituents of serum which may be mainly responsible for the 
neutralisation of the added acid, (1) the alkaline salts, (2) the proteins. 
From the results of the first experiment it may be seen that the 


addition of = HCl results in the conductivity of the serum being 


increased by 000038. In the second experiment the addition of the 
same quantity of hydrochloric acid causes an increase in the conductivity 
of 00007. If the hydrochloric acid were neutralised so that sodium 
chloride only was formed the increase in conductivity would have been 
‘00012, a larger quantity than was obtained in either of the above 
experiments. 

It has been previously shown that the various constituents of serum 
do not exist as separate entities but that they form complex ‘systems. 
If we assume that this is true, then when hydrochloric acid is added to 
serum it probably enters into combination with these systems. That 
all the constituents of serum are affected by the acid is evident from 
the effects observed on the addition of it. The influence of the acid on 
the precipitation of the proteins of serum by neutral salts has been 
considered above. The influence of the acid on the alkaline salts and 
pigment is evident from the observation that if a sufficient quantity of 
acid be added the reaction of the fluid becomes acidic and the 
yellow colour becomes progressively less evident until the fluid becomes 
colourless. 

The fact that acids affect the precipitation of the proteins of serum 
by neutral salts in degrees proportional to their avidities indicates that 
an acid combines with a protein salt complex rather than divides itself 
among the various separate constituents. If then the acid enters into 
combination with the protein salt complexes the problem arises as to 
what the small increase in conductivity is due. In the first experiment 


above it may be seen that the addition to serum of 150 Hol increases 
20—2 
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the conductivity by 08 x 10 1 HCl increases the conductivity by 


15 x 10 — HCl increases the conductivity by 38 x 10. 


These numbers are approximately proportional to one another and 
they may indicate that the union of a protein salt complex with the 
hydrochloric acid results in a definite proportion of electrolytic salt being 
turned out of the system. But they probably indicate that the entrance 

g of the acid into the protein salt complexes definitely increases their 
conductivity. The effect of electric potentials on serum has been 
considered in a former paper %. The migration of the protein systems 
to the anode under the influence of a constant current is probably due 
to the charge which these protein systems carry by virtue of the 
electrolytes which are contained in them. If hydrochloric acid enters 
these systems it can be readily appreciated that if the above assumption 
is correct then this combination would increase the conductivity of the 
solution containing them. An effect similar to this has been shown by 
Hardy™ in the case of globulin. He found that when acetic acid is 
added to a globulin suspension the conductivity was always decreased 
by 10%. He explained his results by assuming that the combination 
of the globulin with the acid caused it to acquire a definite con- 
ductivity. 

The evidence in favour of the hydrochloric acid entering into 
combination with the protein salt complexes is strengthened by a 
consideration of the effect of adding sodium hydroxide to serum. The 
addition of alkalies to serum materially influences the precipitation of 
the proteins by neutral salts. Many neutral salts which do not 

precipitate normal serum do so when a strong alkali as sodium 
| hydroxide is added to it. The effect of alkalies on the neutral salt 
| precipitation of the proteins of serum was not determined owing to the 
| great liability of the serum when made alkaline to form gelatinous and 
. unfilterable solutions. But the effect of sodium hydroxide on the 
| conductivity of serum was determined under a variety of conditions. 
| Various serum fractions were obtained by freezing and thawing a 
| quantity of serum. 10 C.. of each of these fractions were taken and 
| sodium hydroxide and water were added until the volume was 20 Cc. and 


N 
; 39 NaOH present. The conductivity of the serum fractions before and 
after the addition of the sodium hydroxide was determined. 
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2. 
1 98 -058 987 194 
2 214 092 441 140 
3 4-05 157 285 096 
4 5-82 168 252 094 
5 6-19 162 27⁸ 091 
6 7-0 203 200 097 
7 727 212 810 098 
NaOH 241 ‘i 


From these figures it is evident that the addition of sodium hydroxide 
to serum has an effect on the conductivity similar to that produced by 
hydrochloric acid. But in the case of sodium hydroxide there are no 
acidic salts to neutralise. We must therefore assume that in the case 
of alkalies a direct combination between the protein complexes and 
alkali takes place. 

N 


It is interesting to note that in the case of 8 HCl and 50 NaOH 


the added acid or alkali has a large effect on the conductivity until 
about four per cent. of solid matter is present in the serum. This indicates 
that both the acid and alkali combine with a definite quantity of protein, 
these quantities being probably the same in the two cases. Suppose we 
assume that the sodium hydroxide combines with a protein salt complex 
containing a definite quantity of protein. In the above experiment all 
the alkali is combined when 4°05 °/, of solid matter is present in the 
serum. In this serum fraction there were 3°38°/, of coagulable protein. 


Therefore on the above assumption 75 NaOH -= 3·38 grams of protein 


or a gram molecule of sodium “— combines with 676 grams of 
protein. 


The increase in the conductivity of 00009 (about) on adding 10 


NaOH to serum containing an excess of protein is probably due to the 
same cause which has been supposed to explain the hydrochloric acid 
results—namely that the entry of the sodium hydroxide into the 
protein system increases its conductivity by a proportionate amount. 
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(D) PRECIPITATION BY SALTS OF THE HEAVY METALS. 


It is characteristic of the proteins of serum that they are precipitated 
by very small quantities of the salts of heavy metals. The protein 
precipitates so produced are insoluble. in water and after thorough 
washing retain the colour of the precipitating salt. Thus the precipitate 
produced by copper sulphate has a characteristic blue tint. Similarly 
for the precipitates produced by other salts, Although the protein 
precipitates produced are insoluble in water yet they may be made to 
go into solution by any method which splits off the precipitating salt. 
The precipitate produced by zinc sulphate may be readily dissolved by 
dilute sodium hydroxide; that produced by copper sulphate by the 
prolonged passage of sulphuretted hydrogen. The precipitation of the 
proteins of serum in an insoluble form by salts of the heavy metals does 
not necessarily involve a chemical change in the protein, a point which 
will be referred to in the consideration of the properties of diphtheria 
antitoxin. 

The precipitation of serum by salts of the heavy metals possesses 
some theoretical interest and was worked out quantitatively 1 in the cases 
of copper sulphate and zinc sulphate. 

The precipitation of serum by copper sulphate. 5 c.. of serum 
were placed into each of a series of test tubes, and 3°2°/, copper 
sulphate solution and water were added until thé required percentage of 
copper sulphate was obtained and the total volume in each tube was 
20c.c. The amount of precipitate produced in each case was deter- 
mined by the method previously described. 


The following results were obtained : 

04 42⁵ 
“048 553 29°5 

056 7⁰¹ 87°2 
064 900 47 ˙8 
07 1-07 57 
08 1°45 77 
12 16 85 
16 1-63 87 
"24 167 88-6 


These results are plotted on Fig. 6. It is evident from the results 
above that serum contains two definite types of protein. The first 
protein is readily precipitated by copper sulphate and forms about 85°/, 
of the total protein present; the other protein is precipitated only by 
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relatively large amounts of copper sulphate. Also it is clear that when 
once precipitation has been started the amount of the first protein which 
is precipitated by copper sulphate is roughly proportional to the 
amount of salt added. But that there is at present in serum some 
substance which inhibits the precipitation of the protein by copper 
sulphate is evident from the observation that at the beginning of 
precipitation 04 grams of salt precipitate only 435 grams of protein, 
whilst the addition of a further 04 grams of salt increases the precipi- 
tate to 1°45 grams. If we assume that the precipitation of the main 


40 


20 * 


“04 08 7 


Fig. 6. Ordinates represent percentages of protein precipitated. Abscisss represent 
amounts of copper sulphate in grams present. 


protein is proportional to the amount of copper sulphate added after the 
initiation of precipitation we find that 04 grams of copper sulphate 
precipitate 1025 grams of protein or 160 grams of copper sulphate 
precipitate 4100 grams of protein, or a gram molecular weight of copper 
sulphate combines with 4100 grams of protein. The inhibition of the 
precipitation of serum by copper sulphate is evident also from a 
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comparison with the above results of the precipitation of serum when 
diluted in the proportions of 75 Cc. and 10c.c. to 20 C.. 


Protein precipitated in grams Percentage of protein precipitated 
3. “(15 to 20) (10 to % “(5 to 20) (10 to 20) * 
-04 295 — 10·˙6 
-08 945 62 88 · 5 16°5 
-096 1-05 — 878 ine 
“112 1°37 din 48°6 
125 1°81 1°14 64 80°5 
“144 2-12 — 15 
16 2˙84 2°44 88 65 
+20 2°44 2°98 87 78 
“24 8°17 84 


The differentiation of the two types of protein is evident from these 
precipitation results also. 

It has been previously stated that protein probably exists in solution 
as a complex aggregate consisting of protein, pigment, inorganic salts, 
etc. There is strong evidence in favour of the assumption that it is the 
protein complex which is precipitated by the salt of the heavy metal 
rather than the protein molecule itself. The pigment of the serum is 
always associated with the precipitate, as may be readily seen by 
re-dissolving it. And in the description of the influence of electric 
potentials on serum it was found that when serum was electrolysed 
through zinc sulphate electrodes the accumulation of insoluble ‘protein 
at the anode was not accompanied by any increase in the electrolytes 
present in that region. This result would not have been obtained if the 
zine sulphate had combined with the protein only and in so doing had 
liberated the inorganic salt ions from the protein complex. The above 
calculation, therefore, of the amount of protein precipitated by a gram 
molecule of copper sulphate should have been in terms of a protein 
complex. 

The precipitation of the proteins of serum by zinc sulphate is of the 
same order of magnitude as by copper 9 as may be seen from 
the following figures. 


Serum diluted 1:4. 


ira 


“06 “41 19 
“075 87 40°5 
1 1˙16 54 
2 1°72 80 
“4 1-91 89 


a 
a 
2 


PROTEIN PRECIPITATION FROM SERUM. 309 


The points which have been noted in the case of the precipitation of 
serum by copper sulphate are evident in the case of this salt also. 
Apparently zinc sulphate is a less efficient precipitant than copper 
sulphate, although the results obtained are comparable in order of 
magnitude in the two cases. 

The existence in serum of a substance inhibiting the precipitation 
of its protein complexes by the salts of heavy metals renders the calcu- 
lation of the amounts of protein precipitated by definite quantities of 
the added salts of little value. 


(E) PRECIPITATION BY ALCOHOL. 


Alcohol has long been recognised as an efficient precipitant and 
coagulant for the proteins of serum. But its action has not been 
quantitatively determined. In the following pages these quantitative 
results are given. 

(i) The precipitation of serum by alcohol, the volume being kept 
constant with water. 10 c.c. of serum were put into each of a series of 
flasks. To this serum alcohol and water were added in varying 
quantities so that the total volume in each was 50 ce. The flasks were 
kept at constant temperature (18° C.) for three hours and the contents 
were then filtered. 10 Cc. c. of each filtrate were dried down in a weighed 
crucible and from the additional weight the amount of solid in the 
filtrate was determined. This weight subtracted from the total weight 
of solid in the serum gave the amount of protein precipitated. From 
the total protein in the serum the percentage amount precipitated 
could be calculated. The following figures give a typical result: 

51 
79 

42-0 

64°8 

78˙5 

95°6 


98-0 
100-0 


These results are shown on Fig. 7. It may be seen that the curve 
indicates that there are three proteins in serum which possess different 
precipitation limits with alcohol. The quantities of these proteins and 
their alcohol precipitation limits are as follows: 
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(a) This protein forms about 5% of the total protein present in 
this serum. It is precipitated by 30 / alcohol. ; 

(b) This protein forms about 85 /, of the total protein. It is 
precipitated between 35% and 55°/, alcohol. 

(c) This protein forms 
about 10% of the total pro- 
tein. It is precipitated be- 
tween 55% and 75% alcohol. 7 
A characteristic of this protein 
is that it is slowly precipitated 0 
by alcohol and that it is ren- 
dered insoluble only after being 
in contact with alcohol for a 
considerable time. 

The first portion of the 
protein precipitate is formed 
by the globulin present in the 50 
serum. It may be seen that 
the quantity given by this 
method is about the same as 
that obtained by diluting the 
serum with water and neutra- 
lising with acetic acid. The 
third portion of the protein 
precipitate is probably formed 
by that protein of serum which 10 ae 
can be crystallised. But the 


rve sh haracteristi 
cu shows no c 0 10 


differentiation of the main bulk Fig. 1. , ba of 
of the proteins of serum. protein precipitated. Abecisse represent 

(ii) The precipitation by percentages of alcohol present. 
alcohol of the serum of different 8 
horses. A determination of the quantitative precipitation of the proteins 
from the sera of a number of horses is of interest. This determination 
shows the value of alcohol as a precipitant and the constancy of the 
physical properties of the sera of a number of animals. 

From the following data it may be seen that alcohol has the same 
general precipitation type in all the sera But the precipitation curves 
do not coincide, showing that there are individual differences. These 
differences are small compared with the differences in the amount of 
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solid matter contained in the sera used. Thus serum (A) contains 
8°35 % of solids, whilst serum (C) contains 12°17 /, of solids. 


Serum inion 

A 8°85 7˙4 

B 8°65 76 

0 12°17 11°3 

D 9°35 

E 9˙9 9-0 

Percentage of protein precipitated 
“A B 0 D * 

25 — 45 
30 59 11°3 57 9°0 
85 — 189 79 159 26°8 
88 18 23°7 — — om 
40 — — 42 19% 48°2 
42 30 36˙8 — — om 
45 46°8 50 64°8 48°4 67 
50 773 64°4 78°5 72 — 
55 — — 95°6 90 90 
50 95 93 — — — 
65 — — 98 96 96 
70 97 98 — — 


From the comparative coincidence of the precipitation curves for 
sera A and C we might deduce that the precipitation of the proteins 
of serum by alcohol was not influenced by the total quantity of protein 
present. From the figures giving the total solids and the quantity of 
protein present in the various sera it may be seen that although there 
are large variations in the amount of protein present, yet the quantities 
of other substances present are fairly constant throughout the series 
about 9 

(iii) The influence of time on the precypitation by alcohol. In the 
experiments described in the previous pages comparative experiments 
were done under similar conditions. In the following experiment the 
influence of time in alcohol precipitation is detailed. 

Serum was precipitated with varying quantities of alcohol and at 
different times the amount of protein precipitated was determined. 

35% alcohol. 15°/, of protein precipitated in one hour, 23°/, of 
protein precipitated in four hours, 415 % of protein precipitated in 
eleven hours. 

40°/, alcohol. 42 ‘lo of protein precipitated in one hour, 46°5 / of 
protein precipitated in four hours, 56°/, of protein precipitated in 
eleven hours. 
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45% alcohol. 68°/, of protein precipitated in one hour, 73 % of 
protein precipitated in three hours, 77 / of protein precipitated in 
twenty-three hours. 

50 % alcohol. 85°/, of protein precipitated in thirty minutes, 89 °/, 
of protein precipitated in three hours, 89°/, of protein precipitated in 
ten hours. 

It may be seen that with lower concentrations of alcohol time is a 
very important factor in any consideration of the amount of precipitate 
produced. With higher concentrations of alcohol equilibrium is soon 
produced. It is probable that the action of alcohol is first to produce 
some chemical change in the proteins of the serum and these changed 
proteins are afterwards precipitated. 

(iv) The rate of coagulation of the proteins by alcohol. This was 
determined in order to see whether the property gave any evidence of 
protein differentiation. 

Alcohol was added to serum to the required percentage. After 
different times 10 cc. of the mixture were taken and added to 40 c.c. of 
water. The uncoagulated portion of the protein precipitate dissolved 
whilst the insoluble portion settled to the bottom of the flask. By a 
series of weighings the quantity of protein precipitated from the serum 
by a particular percentage of alcohol and the amounts of insoluble and 
soluble protein, after various times were determined. The following 
results were obtained from the precipitates produced by 60 / and 50°/, 
alcohol : 

60 , alcohol. 


50 % alcohol. 


38888 82 8 
8823832 285883883882 


53888 
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The relations between the times and the amounts of insoluble 
protein are plotted on Fig. 8. From either of the curves it appears 
that there are at least two proteins in the precipitate differing in the rates 
of coagulation by alcohol. Thus in the 60°/, alcohol curve about 50°/, 
of the precipitate is coagulated in one hour, whilst the remaining portion 


0 50 100 150 Z00 
Fig. 8. Ordinates represent grams of insoluble protein. Abscissm represent 
time in minutes. 


takes days. But if we compare the two curves it is evident that the 
particular form of them does not depend upon any protein differentia- 
tion, but upon the mechanical factors which influence coagulation. 
With both 50°/, and 60°/, alcohol practically the same amount of 
precipitate is produced from 10 c.c. of serum about one gram. From 
the 60% alcohol time curve half of this protein appears to be readily 
coagulable; from the 50% alcohol curve only about one-quarter of it. 
The only variable in the two cases is the alcohol. We must assume, 
therefore, that the type of curve depends upon the action of the alcohol 
and not on any protein differentiation. Probably the slowing of the rate 
of coagulation after the first hour is due to the formation of a film of 
coagulated protein on the precipitated particles. The effectiveness of 
any film of a definite thickness is determined by the amount of alcohol 
present. 


(v) The temperature coefficient. In the above experiments the 
temperature has not been considered beyond the fact that comparative 
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experiments were done at the same temperature. A study of the 
temperature coefficient for the precipitation of serum by alcohol gives 
interesting results, From a series of rough experiments it may be seen 
that alcohol as a precipitant of the proteins of serum has a critical 
temperature. This temperature varies slightly for different sera but is 
usually about 14°C. If we increase or decrease the temperature of 
the alcohol serum mixture above or below this critical point the precipi- 
tating efficiency of the alcohol increases. But there is a striking 
difference between the type of precipitation above-and below the critical 
point. Above this temperature the precipitate shows varying degrees 
of insolubility ; below it the protein precipitate is completely soluble. 
This critical temperature, therefore, indicates a double point. 

(a) A change from it in either direction increases the efficiency of 
alcohol as a precipitant of the proteins of serum. 

(b) If the temperature be increased above the critical point the 
protein precipitated is partially insoluble; if the temperature be 
decreased the precipitate is completely soluble. 

A quantitative determination of the temperature coefficient of the 
precipitation of serum by alcohol is given below. 

Serum and alcohol were cooled to the required temperature. 10c.c. 
of this cooled serum were then placed into each of a series of test tubes 
and alcohol was added to the required percentage. The mixtures were 
kept at constant temperature for three hours and were then filtered. 
The percentage of solid matter in the filtrate was determined by drying 
and weighing a known volume. | 


17°5 25-4 00 17°5 
20 88-2 28-8 
7 67°5 25-0 877 
80 66-0 27-0 43-4 
35 80-0 53-7 
82-0 59-0 
35-0 65°6 
40-0 80-0 

a7 17 35 18°6 
26° 35 80° 
32 87 38 462 
35 47 41 62 
58 44 75 8 
64°8 47 88 
da 50 96 
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40° ©. 
20 12˙8 
22°5 820 
25 40-5 
27 51:3 


Weicht of solid in 100 0. e. of original serum = 11-6 grams. 
Weicht of protein in 100 0. 0. of original serum =10°6 grams. 


The results obtained are plotted on Fig. 9. The precipitation at 
16°C. was slightly above the critical temperature. The precipitate 
produced at this temperature was not completely soluble. 


an. 
* 


77 30 
Fig. 9. Ordinates represent pereentages of protein precipitated. Abscissw represent 
percentages of aleohol present. (a) temperature 0° C.; (ö) temperature 4° C.; 

(e) temperature 10° C.; (d) temperature 16° C.; (e) temperature 40° C. 

It may be seen that the curves for 0°C., 4 C. and 10°C. keep the 
same proportionate distance from one another throughout their course, 
but that the actual distance diminishes the greater the amount of 
protein precipitated. This diminishing temperature coefficient with 
increase in the protein precipitated may. be readily appreciated by 
determining the actual coefficient at each percentage of protein 
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precipitated. Thus the coefficients have the following values at 25 %, 
50% and 75% of protein precipitated. 
25 % : 50% : 75% :: 26: 23: 18. 

The five precipitation curves on Fig. 9 allow an accurate determina- 
tion to be made of the critical temperature of that particular serum. 
Suppose we take a point at which 32°/, of the protein is precipitated. 
We find that this quantity of protein is precipitated by 
18°5°/, of alcohol at 0° C., 23°5°/, of alcohol at 4 C., 31°5 ½ of alcohol at 

10° C., 85°5 */, of alcohol at 16° C., 22°5 / of alcohol at 40° C. 


These values are plotted on Fig. 10. The crest of the curve is at 
14°C. This temperature, therefore, is the critical temperature for the 
alcohol precipitation of the proteins of that serum. If we take the 


0 10 20 30 40 

Fig. 10. Ordinates represent percentages of aleohol. Abscisse represent 

temperatures in degrees. | 
values of the temperature coefficient above and below the critical 
temperature, we find that the ratio of these coefficients is as eleven is to 
twenty-four. There is thus a third difference in the precipitation of the 
proteins of serum by alcohol above and below the critical point—the 
temperature coefficient below this point is about twice as large as 

above it. 
(vi) The influence of the concentration serum on alcohol precipita- 
tion. Serum was frozen and allowed to melt gradually. The resulting 
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liquid was syphoned off in a series of layers. The serum fractions 
obtained contained the following weights of solid in each 100 «.c.: 

(a) 2075 grams. (6) 437 grams. (e) 789 grams. 
(dc) 1106 grams. (e) 156grams. (/) 196 grams 


The quantitative precipitations of these serum fractions by alcohol 
at 0° C. were determined. The results are given below. 


Percentage of total | solid not precipitated 

“@ b 4 e 
17°65 775 — — 91 93 ˙5 
20 — 70 75 80°4 86 87 
22°65 67 — — 74 77 80°6 
25 64 63 66 — 73°65 
80 — 57 -- 64°83 — 
35 58 53 §2°8 52 55 58°6 
40 — 46 44°8 42°5 43°5 40 
45 51 83°5 33 26 — 23 
50 30 28˙3 — 14 14 11 


It may be seen that the percentages of protein precipitated by a 
given percentage of alcohol vary with the different fractions. But these 
variations are not of the same order as the differences in concentration 
of the original serum fractions. Thus we see that the amount of solid 
in the serum fractions range from 2075 grams to 19°6 grams in each 
100 co., whilst in these two cases the percentage of protein precipitated 
by a given quantity of alcohol does not vary more than 20% 

If we carefully examine the above figures we find that with serum 
fractions containing a low percentage of solid a given percentage of 
alcohol has at first a higher precipitating efficiency and later a lower 
precipitating efficiency than with fractions containing a large percentage 
of solid. The following figures make this point clear: 17˙5 / of 
alcohol precipitates 22˙5 /, of solid from serum (a), 173 / of alcohol 
precipitates 58 / of solid from serum (F); 50% of alcohol precipitates 
70% of solid from serum (a), 50°/, of alcohol precipitates 89°/, of solid 
from serum (J). 

An hypothesis based upon this result is that alcohol has a slightly 
increased precipitating efficiency with higher concentrations of proteins, 
but that this precipitation is inhibited by ionised salts. In a previous 
paper it has been shown that the ratios of the amounts of the various 
constituents of the serum fraction are constant throughout the series 
and are the same as in the original serum. Therefore, in the fractions 
containing a greater amount of solid the percentage of salts is increased 
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as well as the percentage of protein. There are thus two antagonistic 
factors—the increased salts diminish the precipitation effect of the 
alcohol and the increased protein augments it. At the beginning of the 
precipitation of serum fractions containing a large percentage of solids, 
the inhibitory effects of the salts predominate ; later, the effects of the 
increased protein become evident. In the above tables it may be 
seen that these two factors balance one another at about 35 % alcohol. 

(vii) The influence of sodium chloride on the precipitation by alcohol. 
To test the value of the hypothesis that ionised salts inhibit the 
precipitation of the proteins of serum by alcohol a definite series of 
experiments were made. 

Sodium chloride was added to serum in varying quantities and the 
amount of protein precipitated by a definite percentage of alcohol at 0° C. 
was determined. The following results were obtained : 


80 % alcohol as precipitant. Normal serum 58 % of protein precipitated. 
Serum NaCl „ 
Serum +25 NaCl 34 % ” ” 
Serum NaCl 28 % * 


From the above results which are typical of a number obtained it is 
evident that neutral salts inhibit the precipitation of the proteins of 
serum by alcohol. 

(viii) The influence of acids. But although neutral salts diminish 
the precipitating effect of alcohol free acids increase it. This increase 
is evident both above and below the critical temperature for the 
precipitation of serum by alcohol. 

Hydrochloric acid was added to serum in varying quantities and the 
precipitations for definite quantities of alcohol at 0°C. determined. 
The following results were obtained : 


Percentage of precipitated 7 
“@ 5 c 
11-0 2 16 22°2 — 
12˙6 8°5 — — 386 
16-2 21°6 32 — 
19°8 87°5 49 59 — 


(a) (0) (o) and (d) are sera containing 05 0, 1% 18 / 2% of HCl 
respectively. It may be seen from the above figures that the addition 
of acid produces a large increase in the quantity of protein precipitated. 
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A series of experiments to determine the influence of hydrochloric 
acid on the precipitation of serum by alcohol at 16° C. were done. The 
following is the type of result obtained. 

Serum was precipitated with 34°/, alcohol, At 16°C. only a very 
slight precipitate occurred. 10 c.c. of the filtrate were placed into each 
of a series of test tubes and a constant volume of varying strengths of 
hydrochloric acid added. The amount of protein precipitated out was 
determined in each case. 


84% alcohol filtrate. Temp. 10 ;.. acid 

007 
0024 014 
0475 048 
07 “105 
095 215 
19 189 
285 160 


It may be seen that after the addition of about 1% hydrochloric 
acid the amount of precipitate produced decreases. This transition 
point is independent of the percentage of alcohol contained in the 
filtrate being the same with 35 % 38°/,, 41°/,, 44% 48% ͤ and 
50°/, alcohol. It probably depends upon the types of protein in the 
serum. The diminution of the protein precipitate with higher con- 
centrations of acid does not go on until all the protein is redissolved. 
It reaches a limit when about 50°/, of the protein bas again gone into 
solution. This resolution with higher concentrations of acid is evidence 
of some chemical differentiation of the proteins of serum. 

(ix) The influence of alcohol on the electric conductivity of serum. 
In many of the experiments recorded in the previous pages there has 
been an apparent influence of electrolytic salts on the precipitation of 
the proteins of serum by alcohol. To determine the precise effect of 
alcohol on the free ions contained in serum a number of con- 
ductivity experiments were done. The addition of alcohol to serum 
markedly diminishes its conductivity. This is evident from the follow- 


ing figures : 


Conductivity x 10-* 
Serum +9°09°/, alcohol ese axe 362 
„ 720% ‘ic 272 
” +88'3°), ese eee eee 208 


But these results do not settle the problem whether a definite ionic 
change is associated with the advent of precipitation. 
21—2 
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To solve this problem the following experiment was done. 3 c.c. 
of alcohol were added to 10 cc. of serum. The conductivity of the 
resulting solution was determined at a series of temperatures. 


Temperature Conductivity x 10-* 
. 1078 

5 127 

9 1⁵⁴ 

18˙5 187 

18 222 

23 ˙5 258 

80 

88 865 

47 435 


These results are plotted on Fig. 11. The relation between the 
temperatures and conductivities is represented by « ciiaipht line; at no 
point is there any indication of an abrupt change in conducviyity. But 
the serum alcohol mixture existed in three distinct states d Ving these 
changes of temperature. At 2˙ C. there was g large amon . of protein 
precipitated from solution. As the temperature rose from 2° C. to 13° C. 
this quantity of precipitated protein gradually diminished until at 13°C. 
the solution was quite clear. From 13° C. to 23°C. the mixture 
remained clear, no precipitate being present. From 23° C. onwards 
there was a gradually increasing protein precipitate present. The first 
and second protein precipitates differed in their solubilities in the manner 
previously described. From this experiment it is evident that whatever 
mechanism may be involved in the alcohol precipitation of serum, when 
that precipitation is initiated no abrupt change in the ionisation of the 
serum takes place. 

The effect of adding alcohol to serum on the conductivity tem- 
perature coefficient may be seen by comparing these results with 
those given in a previous paper d. With pure serum the conductivity 
temperature coefficient is 7 = ‘000012 or the increase in conductivity 
per degree is 000012. With serum containing 25°/, of alcohol the 
increase in conductivity per degree is 9 00007, that is about 
one-half of that of serum free from alcohol. It may be seen from Fig. 
II that when the serum began to be precipitated by 25 / alcohol at 18° C. 
its conductivity was 00018; when the second precipitation occurred at 
23° C. the conductivity of the mixture was 000255. Therefore, if there 
is any connection between the ions present in serum and the precipitation 


; 
| 
t 
* 
4 
4 
4 
2 
* 
2 
* 


PROTEIN PRECIPITATION FROM SERUM. 321 


of its proteins by alcohol, two different mechanisms must be involved 


when precipitations take place above and below the critical tempera- 
ture, 


3 


— 


0 
E 20 30 40 


Fig. 11. Ordinates represent temperatures in degrees. Abscisse represent 
conductivities, 10= 00010. 


REMARKS AND CONCLUSIONS. 


To explain any series of phenomena in which two opposite effects 
such as solution and precipitation occur it is natural to look for two 
factors which have some property alike in kind but opposite in sign. 
In the case of the precipitation of serum by salts the obvious opposing 
factors in the active agent are the kation and anion. 

Pauli™ in a series of papers has described the results of his 
investigations on the precipitation of egg white by salts of the alkalies, 
of the alkaline earths and of the heavy metals. His experimental results 
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are quantitative to the extent that he added definite quantities of salts 
and noted whether immediately or after twenty-four hours the solutions 
were clear, opalescent, or precipitated to some extent. From. the 
analysis of his results he states that the active precipitating agent of 
a salt is the kation whilst the anion hinders this action. When 
precipitation is produced by salts of the alkalies the inhibitory action 
of the anion is so considerable than some salts when added to satura- 
tion do not precipitate. To compare these salts with those which 
do precipitate, he either uses them in super-saturated solution or 
adds a second salt to produce a precipitating effect. The precipitating 
effect of several electrolytes he assumes to be equal to the sum of 
the precipitating effects of their constituent ions. To explain the 
precipitating effects observed with the salts of the earth alkalies he 
assumes that the protein enters into strong combination with the 
kation and this prevents the anion from having any great inhibitory 
effect. In the case of precipitation by salts of the heavy metals the 
inhibitory action of the anion is supposed to be negligible. 

A number of results are not adequately explained by Pauli’s theory, 
but probably the most cogent objection to it is that the precipitating 
effect of an ion is not related to any known property beyond the sign of 
its charge. The valencies and velocities of the constituent ions of a 
salt are not related to its precipitating efficiency and the relative 
efficiencies of various salts of the same type are not correlated to their 
degrees of dissociation. He has drawn up a table giving the order of 
potency of various anions and kations to produce solution and precipita- 
tion, The order observed in this table cannot be correlated to any 
known property of the ions. 

The precipitation of colloids has been investigated by Matthews ™ 
also. From a series of experiments on egg white he deduces that ions 
of opposite sign precipitate whilst those of the same sign dissolve, and 
their action is inversely proportional to their solution tension coefficients. 
The valency of a precipitating ion may be important because a polyvalent 
ion links several colloidal particles together. | 

Recently the precipitation of serum has been investigated by 
Iscovesco™. He used serum diluted ten times and observed the 
precipitation produced in it by colloidal ferric hydroxide and colloidal 
arsenious sulphide. He concluded that serum contains two proteins, 
one negatively charged, the other positively charged, the former being 
present in much larger quantities than the latter. It may be noted 
that in the case of the precipitation of his diluted serum with colloidal 
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iron about 1 cc. of a 1 % colloidal ferric hydroxide was required to 
precipitate 1 C. of his diluted serum. The diluted serum contained 
about 1°/, of protein, and consequently if the precipitation were due to 
the union of the positively charged colloidal iron with the negatively 
charged protein then the active mass of the iron must have been 
approximately of the same size as the protein complex. But the 
quantitative results are very similar to those described by Pauli for the 
precipitation of protein by salts of the heavy metals, and in the dilutions 
he used an impurity of 01% of ferric chloride would produce the 
precipitation effects observed. He confirmed the presence of negatively 
and positively charged protein in serum by submitting it to the influence 
of an electric field. But the experiment described is invalid since he 
put his platinum electrodes directly into the diluted serum and the 
chemical effects generated at the electrodes would explain the results 
observed. 

Galeotti™ has also described a series of experiments on the 
precipitation by salts of the heavy metals. He concluded that 

(a) There is no constant relation between the metal and protein in 
the sense of valency, but that the precipitate varies with the composition 
of the fluid. 

(b) The precipitation is reversible, being soluble in excess of either 
of the constituents. 3 

(c) The relation of the precipitate and solution obey the laws of 
chemical equilibrium. 2 

An analysis of the experimental results described in the previous 
pages affords some insight into the nature of the proteins of serum and 
the processes involved in their precipitation. 

(1) Neutral salts. If we examine Fig. 1 which gives the quanti- 
tative precipitation of serum by ammonium sulphate, we see that the 
curve has a regular form. A determination of the angles made by the 
tangents to this curve at various points gives the following results. 
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The relation is given approximately by a straight line. If we express 
this result by a formula, we have: 


d salt 


where protein refers to the percentage of protein precipitated, salt to fog 


the required salt in terms of Eq. Wt.=100, and K is a constant. The 
solution of equation (i) is: 


salt = Ka (protein) + b. 


The equation is that of a parabola, and this therefore is the form of 
the curve showing the precipitation of serum by ammonium sulphate. 
The value (ö) in the above equation expresses the amount of salt 
required to initiate precipitation. This may be seen by putting pro- 
tein = O, when from the equation, salt - b. The value of (b) is constant 
only for the particular serum precipitated. For instance in thy curves 
expressing the influence of dilution on the precipitation of serum by 
ammonium sulphate, we see that in serum diluted 3 times precipitation 
starts with 232 Am,SO,; serum diluted 5 times precipitation starts 
with 254 Am,SO,; serum diluted 10 times precipitation starts with 
270 Am, S0. 

These values are plotted on Fig. 12. The relation is again given by 
a straight line, so that the equation for the value of (b) is: 


b= 


where A is the amount of salt required to initiate precipitation with 
serum of the dilution D, and K is the tangent of the angle formed 
between the straight line and the abscissa in Fig. 12. The value of 
(b) is interesting, for in the limit when the serum is infinitely diluted b 
has the value 288. From this we see that when the percentage of 
protein is infinitely small precipitation with ammonium sulphate starts 
when salt has been added to the extent of 286 times its equivalent 
weight, and is completed only when about 4°6 equivalent weights have 
been added. 

From the magnesium sulphate precipitation curve it may be seen 
that the parabolic relation exists between the amounts of salt and 
precipitated protein with this neutral salt also. The relative efficiencies 
of ammonium sulphate and magnesium sulphate after precipitation has 
started are given approximately by the value of the tangent of the 
angle to the curves at a particular percentage of protein precipitated. 
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If we compare curves (B) and (C) in Fig. 3, we see that the tangents 
of the angles at 30°/, protein precipitated are in the proportion of 17 to 
8. Therefore after precipitation has started ammonium sulphate is 
more than twice as effective a precipitant as magnesium sulphate. 
This preponderance is still more marked if we compare the total amount 
of salt added, since in the ammonium sulphate curve precipitation was 
initiated with 2˙4 equivalents of salt whilst 2°72 equivalents of 
magnesium sulphate were required to do this. With magnesium 
sulphate, also, the advent of precipitation is delayed by dilution of the 
serum. 


0 ‘ 


23 25 i 29 
Fig. 12. Ordinates represent reciprocals of dilation. Abscissm represent amounts 
of ammonium sulphate present. 10=Eq. Wt. Am, 80. 


In any theory dealing with the nature of the precipitation of the 
proteins of serum by neutral salts the follawing observations must be 
adequately explained : 

(1) At any stage of the precipitation the amount of salt added is 
proportional to the square of the percentage of protein precipitated. 

(2). With extreme dilution of the serum, precipitation is extended 
over a definite range of salt concentrations. 

(3) The effect of temperature is very small; at 0° C. only a slightly 
greater quantity of precipitate is produced than at 40°C. 

(4) Ammonium sulphate is a more efficient precipitant than mag- 
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nesium sulphate—an approximate calculation of their efficiencies is as 
about two is to one. | 

(5) Precipitating salts of the alkali metals are practically limited to 
ammonium sulphate, magnesium sulphate and sodium sulphate. 

None of the facts stated above are capable of being readily 
explained by the assumption that precipitation is due tc the action 
of the constituent ions of a salt. An examination of the curve for the 
precipitation of serum by ammonium sulphate shows that precipitation 
does not start until 232 equivalents of the salt are present and is 
complete (as far as the main protein is concerned) when 4°6 equivalents 
have been added. If we apply Pauli’s theory to this we must assume 
that the solvent and precipitating effects of the anion and kation are 
exactly balanced uutil 2°32 equivalents of the salt are present, but that 
after this concentration the superior influence of the kation becomes 
sufficiently great to precipitate the protein on adding a further 23 
equivalents of the salt. On Matthew's theory we must assume that at 
this concentration the solutions tensions of the two ions suddenly change 
to produce a corresponding effect. There is no known physical property 
of ammonium sulphate to warrant such assumptions. 

In a paper™ on the precipitation of globulin by ammonium 
sulphate and magnesium sulphate the author came to the conclusion 
that the quantitative results obtained could be most readily understood 
if it was assumed that the precipitate produced by the neutral salt 
depended on the formation of a molecular complex between the protein 
and salt, this complex being stable only in the presence of an excess of 
the salt. The explanation of the precipitation of globulin on an ionic 
basis was difficult, since it had been previously shown that the solution 
of this protein by neutral salts depended upon the combined action of 
both ions,—ions of the same valency whether positive or negative being 
equally efficient in producing solution and the efficiency of ions of 
different valencies being proportional to the square of these valencies. 
If these laws for the solution of globulin are correct a peculiar redistribu- 
tion of ionic energy in more concentrated solutions of salts would be 
required to explain the subsequent precipitation of this protein as due 
to a preponderating precipitant action of the kation over the solvent 
action of the anion. There is no obvious quantitative difference between 
the effects observed during the precipitation of globulin by neutral 
salts and those seen with albumin. The logical conclusion therefore is 
to apply the theory which was most adequate to explain the precipita- 
tion of globulin from solution by neutral salts to the phenomena 
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observed when albumin solutions are so precipitated. The assumption 
that albumin is precipitated from solution by neutral salts owing to the 
formation of a molecular salt complex, stable only in excess of the 
precipitating salt, is adequate to explain most of the facts stated above. 
The breaking up of the protein salt complex is readily effected by water, 
since on dilution resolution readily takes place. The amount of salt 
required therefore to neutralise the hydrolytic effect of the water is 
represented by that quantity which is required to initiate precipitation. 
On this theory the very small temperature coefficient and the direction 
in which it changes—-a neutral salt is a slightly more efficient precipi- 
tant at 0 C. than at 40° C—are readily appreciated. The hydrolytic 
effect of water at 0°C. is slightly less than at 40°C. and therefore less 
excess of salt is required to render the protein salt complex stable. 
This temperature effect and the effect observed on dilution would be 
difficult to explain on any ionic hypothesis. The results observed on 
dilution of the serum, 1.e. that the more dilute the serum the more salt 
is required to initiate precipitation are readily understood when the 
active mass of the protein concerned is considered. c 

But the actual relation between the amount of salt required to 
precipitate and the amount of protein precipitated are not capable of a 
simple explanation. The first point to be noticed is that although 
globulin and albumin start to be precipitated with about the same 
amount of ammonium sulphate present yet the rate of precipitation of 
globulin is twice as rapid as that with albumin. This rate must be 
determined by the type of protein to be precipitated. But that the 
rate is not determined purely by the physical properties of the protein 
is evident from the observations of Osborne and Harris™ that some 
vegetable globulins were more slowly precipitated by ammonium 
sulphate than typical vegetable albumins. 

There is the further point that the precipitation of the proteins of 
serum is initiated by practically equivalent amounts of ammonium 
sulphate and magnesium sulphate, but that the subsequent rate of 
precipitation by ammonium sulphate is about twice as great as that by 
magnesium sulphate. In this case we possibly have an example of the 
different types of molecular complexes formed between the precipitating 
salt and the protein—the complex formed with ammonium sulphate 
being much more stable than that formed with magnesium sulphate. 

From the above it will be seen that the hypothesis that the 
precipitation of proteins by neutral salts is due to the formation 
of a molecular complex between the protein and salt is capable of 
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explaining some of the phenomena observed. The same explanation is 
applied to the phenomena observed in the precipitation of serum by 
salts by the heavy metals—the only difference in this case being that 
the molecular complexes so formed are relatively stable in the presence 
of water. In a previous section the effect of acids on proteins has been 
dealt with and in this it has been shown that these influences are so 
marked that the analysis of the phenomena observed when salts of 
the heavy metals (which are often markedly acidic in solution) are added 
to proteins must be carefully analysed before an adequate explanation 
of the forces involved can be set forward. 

In Fig. 2 it may be seen that the curves expressing the precipitating 
relations with various dilutions of serum meet at about 85% of the total 
protein precipitated. It may be assumed therefore that at this point all 
the protein for which the observations above mentioned hold true has 
been precipitated and that there remains only that protein in solution 
to which frequent reference has been made in a previous paper. A 
detailed consideration of the precipitation of this protein has not been 
made, but from the experiments described in the previous pages the 
following statements may be made about it. 

(a) The amount of neutral salt required to precipitate it is not 
materially influenced by the dilution of the serum. 

(6) It is precipitated by alcohol at temperatures above the critical 
point only very slowly and may be left in contact with alcohol for a long 
time without being coagulated. 

(c) It is not readily precipitated by salts of the heavy metals. 

(d) It is not associated with the inorganic salts of the serum. 

It is probably that protein which can be crystallised from horse serum 
by means of ammonium sulphate and sulphuric acid. 

(2) Neutral salts in the presence of acids. The precipitation of 
serum by neutral salts in the presence of acids has been considered in 
the previous pages. It was found that the efficiencies of various acids 
were proportional to their avidities, a result indicating that the acids 
entered into direct combination with the protein complexes. This 
hypothesis was supported by the experiments showing the effect on the 
conductivity of adding acid to serum. The forces involved in the 
precipitation of this acidified serum by neutral salts have not been 
fully worked out so far as the neutral salts are concerned. In the case 
of sodium chloride the precipitation curves are approximately straight 
lines, indicating that the major portion of the protein of serum possesses 
identical physical properties when treated in this way. The direct 
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proportion which holds between the amount of salt added and the 
quantity of precipitate produced points to the formation of a chemical 
compound between the two substances. 

(3) Alcohol. The existence of a critical temperature in the alcohol 
precipitation of serum is of interest. Below this temperature the proteins 
of serum are precipitated in a perfectly soluble form; above it the 
precipitate produced shows varying degrees of insolubility. At the 
critical temperature the efficiency of any percentage of alcohol As a 
protein precipitant reaches a minimum. A change of temperature in 
either direction increases its precipitating effect. Below the critical 
temperature the alcohol precipitation curve is a straight line showing 
that the amount of precipitate produced is directly proportional to the 
quantity of alcohol added. In this respect the precipitation is of the 
same kind as that observed in the case of acidified serum by neutral 
salts. 

The straight line relation shows no indication of any differentiation 
of the proteins of serum. But above the critical temperature the 
alcohol precipitation curve shows well defined variations, as may be seen 
in Fig. 7. In this precipitation curve we may see evidences of the 
existence of three distinct proteins in serum. From this difference 
between the precipitation curves of serum by alcohol above and below 
the critical point we may conclude that in the former case the protein 
is changed by the action of the alcohol and in the latter case no such 
chemical change is produced. The action of alcohol on the protein of 
serum at temperatures above the critical point is of two kinds: (a) It 
acts on the protein when in solution, as may be seen from the influence 
of time on the precipitation of serum by alcohol. (5) It coagulates the 
protein when precipitated. From a series of experiments it was found 
that protein which was precipitated by one percentage of alcohol was 
rendered insoluble by the addition of more alcohol. Also that the rate 
of coagulation by alcohol was proportional to some extent to the 
strength of alcohol in contact with the precipitate. 

The differences between the alcohol temperature coefficients above 
and below the critical point indicate that two different mechanisms are 
involved in these precipitations. If a chemical change is involved in 
the precipitation of the protein of serum by alcohol at temperatures 
above the critical point, the question arises as to what forces.are involved 
in this precipitation below the critical point. In this precipitation the 
following observations have been made: (a) The precipitation curves 
are straight lines; (b) the lowering of the temperature greatly increases 
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the precipitating efficiency of any given quantity of alcohol; (o) the 
addition of neutral salts diminishes the precipitation produced by any 
given quantity of alcohol; (d) the addition of acid increases the effect ; 
(e) the amount of precipitate produced by a given quantity of alcohol 
is proportional to the percentage of protein in the serum; there is an 
indication that with large quantities of protein in solution the percentage 
of protein precipitated by a given quantity of alcohol may be increased; 
(f)*there is no break in the electrical conductivity curve at tempera- 
tures at which precipitation starts either above or below the critical 
int. 
ee Phe reverse effects produced by the addition of acids and neutral 
salts to serum on the efficiency of alcohol as a precipitant suggest that 
two different mechanisms are involved by these two classes of compounds. 
Acids, as we have previously seen, enter into combination with the 
protein complexes and probably produce their effects by altering the 
constitution of these complexes. Neutral salts on the other hand exist 
almost entirely free in solution. Probably therefore the inhibitory 
effects produced by them are due to the influences exerted by their ions. 
A confirmation of this hypothesis is derived from a comparison of 
the temperature coefficients for the precipitation of serum by 25% 
alcohol and the conductivity of serum to which this percentage of 
alcohol has been added. From the curve given on Fig. 11 we see that 
the conductivity of serum to which 25% alcohol has been added is 
000180 at 13°C. and 000090 at 0°C. That is by lowering the 
temperature from 13° C. to 0° C. the conductivity has been lowered 50 °/,. 
From the curves given on Fig. 9 we see that the efficiency of 25% 
alcohol as a precipitant for the proteins of serum has the following 
values: 
Temp. 0“ C. 51% of protein precipitated 
» 4° C. 36 / » ” 


These values are approximately proportional to one another and 
from them we see that precipitation with 25% alcohol starts at 
125°C. Therefore by diminishing the temperature from 12°5°C. to 
OC. the amount of protein precipitated increases by about 50% In 
the same temperature range the conductivity of serum to which 25°/, 
alcohol has been added also diminishes by 50% The equality of the 
two values obtained suggests that the increasing efficiency of alcohol as 
a precipitant of the proteins of serum with diminishing temperature is 
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due to a diminution in the ionic energy produced by the lower tempera- 
tures, This deduction together with the observation that the amount 
of protein precipitated by a given percentage of alcohol is proportional 
to the percentage amount of protein in solution suggests the following 
hypothesis for the mechanism involved in alcohol precipitation of serum 
at temperatures below the critical point—The alcohol enters into 
combination with the protein complexes in quantities directly propor- 
tional to the active masses of these substances; the compounds thus 
formed are unstable and are readily broken down by the ions existing 
in solution. Precipitation ensues only when the quantity of alcohol 
present in excess is sufficient to diminish the energy of these ions below 
a minimal value. From the precipitation curves given on Fig. 9 we see 
that before precipitation starts about 22°/, of alcohol must be present 
in the serum alcohol mixture at a temperature of 10°C. On the above 
hypothesis this quantity of alcohol is the quantity necessary to depress 
the energy of the elecrolytic ions to the required amount. The 
hypothesis that alcohol enters into combination with the protein 
complexes derives additional support from the observation of the action 
of alcohol on solutions of electrolytes. To explain the results obtained 
it is necessary to assume that the alcohol causes the production of 
complex ions even in moderate dilutions. The observation that acids 
increase the precipitating efficiency of alcohol at temperatures below the 
critical point indicates that the acid protein complex forms a system 
with the added alcohol which is more stable in the presence of ionised 
salts. 

The above hypothesis affords a ready explanation of the alcohol 
critical temperature for seram. To explain this phenomenon we must 
assume that at temperatures above 14°C. the alcohol, instead of merely 
uniting with the protein complex, acts directly upon it and changes its 
composition. This changed protein is precipitated more readily than 
the original protein, since with increased temperature and consequently 
increased ionic energy the amount of protein precipitated is augmented. — 
The chemical action of alcohol on protein at temperatures above the 
critical point is evident from the time factor on the amount of protein 
precipitated by a given percentage of alcohol, and the observations on 
the rate of coagulation of serum protein by alcohol. 

Alcohol must act on the different proteins at different rates, since 
the precipitation curves at temperatures above the critical point show 
a differentiation of the protein into three groups. 
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(i) Globulin—comprising about 3°/, of the total protein ; 
(ii) Albumin (a)—comprising about 85°/, of the total protein; 
(iii) Albumin (8)—comprising about 12°/, of the total protein. 


(4) Salts of the heavy metals. The precipitation of the proteins of 
serum by salts of the heavy metals has been considered in detail in the 
previous pages. The precipitate is probably produced by the molecular 
combination of the salt with the protein complex. The presence of a 
substance in serum inhibiting the formation of these combinations 
prevents an accurate determination of the amount of protein combined 
with the salt from being made. The readiness with which the proteins 
of serum enter into combination with the added salt indicates that 
there are two proteins in serum: 

(a) Forms about 85°/, of the total protein and is precipitated by 
salts of the heavy metals ; 

(6) Forms about 15°/, of the total protein and is not readily 
precipitated by these salts. 

The observation that the protein precipitated by the salts of heavy 
metals is probably in the form of a protein complex indicates that it is 
these complexes rather than the pure protein which are precipitated in 
all the methods previously described. The constant association of the 
pigment with the precipitated protein lends support to this view. 


SUMMARY. 


1. There is no indication from the precipitation curves of the 
proteins of serum by neutral salts that half saturation by ammonium 
sulphate or full saturation with magnesium sulphate differentiates two 
classes of proteins. 

2. The precipitation of the proteins of serum by neutral salts is 
suggested to be due to the entry of the salt molecules into the protein 
complexes, the resulting phase being readily broken up by water and 
stable only in the presence of an excess of salt molecules. 

3. Acids increase the precipitatory efficiency of a neutral salt at a 
rate proportional to their avidities. 

4. The precipitation of the proteins of serum by salts of the heavy 
metals is explained on the same basis as for neutral salts, the only 


difference being that the resulting complexes are stable in the presence 
of water. 
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5. Alcohol shows a definite critical temperature for the precipitation 
of the proteins of serum. 

The precipitate produced below the critical temperature is suggested 
to be due to the formation of alcohol protein complexes, these complexes 
being unstable in the presence of electrolytic ions. Above the critical 
temperature the alcohol exerts a chemical action on the protein, the 


degree of action depending on the percentage of alcohol present, the 
temperature, and the time. 


6. The phenomena observed in the precipitation of serum indicate 
that there are three main proteins present in serum. 


(a) Globulin—about 3°/,; 
(6) Albumin (a)—about 85 ½; 
(e) Albumin (8)—about 12°/,. 


The evidence points to the conclusion that albumin (8) is that 
protein which can be crystallised. 
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TEMPERATURE AND EXCITABILITY. By KEITH 
LUCAS, , Fellow of Trinity College, Cambridge, ap G. R 
MINES, Scholar of Sidney Sussex College, Cambridge. 


(From the Physiological Laboratory, Cambridge.) 


Our exact knowledge of the influence of temperature upon the 
excitability of muscle and nerve may be said to date from the work of 
Gotch and Macdonald’. For they first pointed out the physical error 
by which much previous work had been vitiated, namely the neglect of 
the fact that muscle and nerve are electrolytic conductors and that 
therefore their resistance rises as the temperature is lowered. 

The conclusions to which Gotch and Macdonald came are well- 
known, They found that in nerve a fall of temperature increases the 
excitability towards currents of long duration, but decreases the excita- 
bility towards currents of short duration. In muscle a fall of tempera- 
ture increases the excitability whatever the duration of the exciting 
current used. 

These results suggest two problems towards the solution of which 
we have directed our experiments. 

In the first place the different effect observed in nerve, according as 
the exciting current is long or short, raises the question whether there 
may not be two sorts of excitation, one provoked by long currents, the 
other by short currents, It was to this view that Gotch and 
Macdonald? leaned in discussing the results of their investigation. 
We have attempted to throw some light upon this question by 
determining at two different temperatures the excitability towards a 
large series of currents of graduated duration. In this way we have been 
able to draw curves relating the excitability to the current-duration at the 
two temperatures; and from these curves one can see how the change of 
excitability produced by a fall of temperature is related to the duration 
of the exciting current. It seemed probable that if there were two 


* Gotch and Macdonald. This Journal, xx. p. 247. 1896. 
1 Loe. cit. p. 297. 
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sorts of excitation set up, there would be some discontinuity in the 
relation between excitability and current-duration—some abrupt transi- 
tion from one curve to another such as we know to accompany the 
passage from one excitable substance to another in the excitation of a 
mixed excitable tissue’. 

The second question with which we have dealt arises from the 
difference which Gotch and Macdonald observed between the behaviour 
of muscle and nerve towards currents of short duration As we have 
already stated, a fall of temperature renders nerve less excitable and 
muscle more excitable when the exciting currents used are short. This 
might mean that the behaviour of muscle is fundamentally different 
from that of nerve, or the difference might be one of degree only. 
Towards the solution of this question we have made experiments in 
which the change of excitability resulting from a fall of temperature is 
measured for a large range of current-durations, our object being to see 
whether the curve relating excitability to current-duration rises more 
rapidly in the cool than in the warm muscle, or whether in muscle there 
is no sign at all of that phenomenon which leads in nerve to a reversal 
of the excitability-change. 

At the time when our experiments were planned there was no 
experimental evidence bearing on the first of these questions; but during 
the present year M. and Mme Lapicque“ have published some experi- 
ments in which they have dealt with it, using for excitation discharges 
from condensers of different capacities charged to different potentials. 
When we became aware of their results we had already arrived at a 
similar conclusion by the different method of excitation which we were 
using. We decided to publish our experiments because they were made 
with currents differing only in duration, and not also in rate of current- 
change as do the condenser discharges. 

On the question of the difference between muscle and nerve the 
only evidence is that afforded by an experiment published by the same 
authors in 1903*: it shows the curves relating condenser capacity to 
potential of charge in muscle at two different temperatures approaching 
one another slightly as the capacity is decreased. This matter seemed 
to us to require further investigation. 

Method. Gotch and Macdonald‘ in their experiments counteracted 


1 Of. Keith Lucas. This Journal, xxxv. p. 310. 1907. 
2 Lapicque, M. and Mme. C. R. Soc. de Biol. Lxn. p. 87. 1907. 
* Lapicque, M. and Mme. Journ. de Physiol. et de Path. gén. v. p. 1003. 
Loc. cit. 
22—2 
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the change of resistance caused by change of temperature by introducing 
in the external circuit a resistance much higher than that of the tissue, 
so that changes in the conductivity of the latter produced a negligible 
effect on the current-strength. We were unable to adopt this method, 
because the introduction of a large external resistance would have 
necessitated the use of a very large battery in order to obtain a sufficient 
current-strength to stimulate the muscle when short durations were 
being tried. We therefore determined the actual resistance of the 
tissue at each temperature, and made allowance for the changes of 
resistance in calculating the current-strength used in each observation, 
The resistance was measured by Wheatstone’s method with an 
alternating current which was rectified before being sent into the 
galvanometer. The current employed was so small as not to excite the 
tissue whose resistance was being measured. 

The general method of experiment, whether made on nerve or on 
muscle, was the following. The tissue was excised and set up in fluid 
electrodes of the type previously described by one of us’. The electrodes 
were placed in a water-bath by which their temperature could be 
maintained for half an hour with a variation of less than 02°C. After 
the water-bath had been filled, an interval of 20 minutes was allowed 
to elapse for the electrodes and preparation to assume a uniform 
temperature. The resistance was then determined two or three times 
at intervals of a few minutes to make sure that the conditions were 
steady. As soon as consistent readings were obtained for the resistance, 
the determination of the liminal current-strength for various current- 
durations began. The current-durations to be used in the experiment 
were arbitrarily chosen, and obtained by means of the pendulum 
described elsewhere by one of us“. The relative current-strength 
required to excite with each current-duration was determined by a 
graduated potentiometer-wire. At the conclusion of a set of observa- 
tions the water-bath enclosing the electrodes was emptied by means of 
a siphon and refilled with water at a different temperature. After an 
interval of 20 minutes the resistance was determined afresh, and a set 
of observations was taken at the new temperature. The original 
_ temperature was then restored, the resistance was measured again, and 
a third set of readings was taken. If the tissue continued in good 
condition these operations were repeated several times. At the con- 
clusion of the whole experiment the current flowing through the tissue 


Keith Lucas. This Journal, xxxrv. p. 875, Fig. 8. 1906, 
* Keith Lucas. Ibid. xxxv. p. 814, Fig, 2. 1907. 
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was measured with a moving-coil instrument graduated in micro- 
ampéres, the resistance at the time being known and the potentiometer 
set at some particular value. From these data it was easy to calculate 
the strength of current employed in each individual observation. The 
observations were afterwards plotted on squared paper, the abscisse 
representing the duration of the exciting current, the ordinates showing 
the liminal current-strength. | 

When the excitability of muscle was the subject of investigation 
the arrangement for maintaining the tissue at the desired temperature 
was very simple. In this case the muscle itself was stimulated and 
also served as the index of excitation. There was therefore no possibility 
of error due to change in conductivity: and the whole tissue could be 
subjected to the temperature change. The electrodes holding the muscle 
were therefore simply immersed in a large beaker of water, which was 
in turn enclosed in a tin vessel. The interval between the beaker and 
this vessel was packed with asbestos and cotton wool, spaces being left 
for the illumination and observation of the muscle through two holes in 
the outer vessel. The muscle (sartorius) was always so arranged in the 
electrodes that excitation was confined to the nerveless pelvic end. 

In the experiments made on nerve the requirements were less easily 
fulfilled. The index of excitation was the contraction of the muscle in 
which the nerve terminated, and it is clear that if both muscle and nerve 
were exposed to changes of temperature, any observed alteration in the 
current required for excitation might be due either to a change in the 
excitability of the nerve itself or to a change in the excitability of the 
muscle towards the nervous impulse—in other words to an alteration in 
the conductivity from nerve to muscle’. 

We eliminated this source of error by the use of the apparatus shown 
in Fig. 1. The glass tubes A and B containing Ringer's solution were 
closed above by the porcelain candles C and D which passed through 
rubber stoppers. These candles were filled with zinc sulphate solution 
and held the zinc rods which complete the non-polarisable electrodes. 
The Ringer's solution in the tubes presented free surfaces at E and F, 
and the fluid was prevented from escaping by the stopper G. This stopper 
held in position the thread H, to which was fastened the small piece of 
vertebral column dissected out with the nerve. The piece of nerve 
traversing the air space K thus lay between the fluid electrodes. The 
nerve escaped from the lower electrode by the short tube L. The elec- 


1 Boycott has shown that the conductivity of frog’s nerve is not affected by changes of 
temperature. This Journal, xxvu. p. 488. 1902. 
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trodes were enclosed in the glass vessel M, which served as a water-bath. 
This was placed above a similar vessel V. and the two were separated 
by a sheet of asbestos, pierced in the centre to admit of the passage of 
the nerve. The lower vessel contuined’a small glass cup P filled with 
Ringer's solution, so placed that its brim was level with the edge of the 


Fig. 1. Fig. 2. 

Fig. 1. Arrangement of electrodes and water-baths for experiments on nerve. 
For description see text. 

Fig. 2. Exp. 1. Sciatic nerve of toad. Absciss® measure current-duration; one division 
=0°001 sec. Ordinates measure current-strength; one division=1 microampére. 
Observations made at the lower temperature are plotted as black discs, those made at 
the higher temperature as circles. - 

vessel V. In this cup rested the muscle . By this arrangement the 

muscle was kept at a steady temperature in the lower water-bath 

throughout an experiment, while the temperature of the electrodes with 
the nerve contained in them was adjusted by changing the contents of 
the upper vesssel. The temperature of the lower water-bath was so 
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chosen as to lie midway between the two temperatures to which the 
nerve was to be subjected in the course of the experiment. This was 
found to be a very necessary precaution, for if the temperature of the 
two baths differed by more than ubout five degrees, the temperature 
gradient in the piece of nerve between the two vessels acted as a stimulus 
and caused twitching of the muscle. 


Eaperiments made on nerve. 

The sciatic-gastrocnemius preparation of the toad was used through- 
out these experiments. It was found impracticable to use extreme 
temperatures differing by more than 8 C. as the nerves showed them- 
selves exceedingly sensitive to the establishment of a temperature- 
gradient along their length. The temperatures actually used were about 
20° C. for the upper and 12° C. for the lower limit. 

In Fig. 2 are plotted the results of a typical experiment (Exp. 1) 
showing the crossing of the excitability curves for the high and low 
temperatures, The curve for the high temperature is the mean of two 
sets of observations made before and after that at the low temperature. 
The full numerical data of the experiment are tabulated below. As 
Fig. 2 shows, the crossing of the two curves takes place in a smooth and 
regular manner, the distance between them changing continuously as 
the current-duration is changed. There is no evidence of discontinuity. 


Exr. 1. Sciatic-gastrocnemius preparation of toad. Muscle kept at uniform tempera- 
ture about 15°5°C. Excitation and change of temperature in nerve. 


Liminal current-strength in microampéres. 
A B 0 
0˙0052 3˙7 3-0 3˙3 3˙5 
00035 3˙7 3˙2 3˙5 3˙6 
0˙0017 4˙1 3˙9 3˙9 4-0 
000087 47 47 4-6 
000044 5˙9 6°5 6˙2 6-0 
0°00017 11°4 12˙4 12˙2 11˙7 


All the experiments agreed in showing a continuous relation between 
the current-duration and the difference of excitability at the two 
temperatures. Also the curve for the low temperature always rose more 
rapidly than that for the high. But in some cases there was no actual 
crossing of the curves. In Exp. 2, for example, there is no crossing 
because for long current-durations the two curves are coincident. 
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Exp. 2. Sciatic-gastrocnemius preparation of toad. Musole kept at uniform tempera- 
ture about 15°C. Excitation and change of temperature in nerve. 


Liminal current-strength in microampéres. 
A B 0 
0-007 6-0 5-6 5-3 56 
0-0052 61 5°8 55 58 
0-0035 61 61 &7 59 
0-0017 6°3 76 6˙8 6˙5 
0-00087 “84 103 8-8 8˙6 
0-00044 12-2 15˙7 12˙8 12˙5 


In other experiments the curve for the low temperature would start 
so much below that for the high temperature that, though rising more 
steeply, it failed within the limits of the experiment to cross, The 
reason for these differences of behaviour lies no doubt in the progressive 
changes which are going on in the tissues. The observations at different 
temperatures are necessarily separated by a considerable interval of time, 
and during that time changes of the absolute excitability go on, which 
are not wholly eliminated by the method of comparing one set of 
observations with the mean of two sets taken before and after. 
However, for the present purpose we are concerned only with the 
continuity or discontinuity of the curves, not with their absolute values. 


Experiments made on muscle. 


It is a well-established fact that a muscle is more excitable towards 
currents of long duration when cool than when warm. The curve 
representing the excitability of the cooled muscle towards currents of 
different durations will lie, therefore, for long durations, below that for 
the warm muscle. If the behaviour of muscle resembles that of nerve 
we shall expect to find the curve for cool muscle rising more rapidly 
than the curve for warm muscle as the current-duration is diminished. 
In searching for this phenomenon we may take any consecutive 
curves from the same muscle at different temperatures regardless of 
whether the absolute excitability of the muscle has altered in the 
interval between the two sets of observations from causes other than 
the change of temperature. Alteration in the absolute excitability 
will affect the level of the curve but it is clearly only the rate of its 
rise which is of importance for the present purpose. 

The simplest way of comparing the rates of rise is to determine, at 
each of two temperatures, in what proportion the liminal current- 
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strength must be increased for a given decrease in current-duration. 
We have used the two current-durations 0°024 sec. and 0°0035 sec. for 
this purpose. The eurrent of 0024 sec. belongs to that region of the 
current-duration current-strength curve in which the curve has become 
practically parallel to the abscissa; in other words it is a current of such 
duration as may be incréased without much further decrease in the 
liminal current-strength. It may, therefore, be taken as a typical 
current of long duration. The current of 0°0035 sec. is one for which at 
about 10° C. the liminal current-strength has reached more than twice 
its minimum value. It is therefore for toad’s muscle a short current. 
In the table below are shown the results of all our experiments in 
which current-durations as short as 0 0035 sec. were used. The third 
column of figures represents in the warm muscle the relative current- 
strength required to excite with a duration of 00035 sec. when that 
required to excite with a duration of 0°024 sec. is taken as unity: the 
last column represents the same for the cool muscle. Each horizontal 
line affords a comparison between the increase of current required for 
a warm and a cool muscle, the observations compared having been 
made consecutively on the same muscle. For example, in Exp. 4, 
observations C and D, one sees that at 17˙2 C. the liminal current- 
strength must be increased in the ratio 1: 2˙1 for a decrease of current- 
duration from 0°024 sec. to 0°0035 sec., whereas at 9°0°C. the required 
increase is 1: 3˙4. 


Warm Cold 

Exp. Observ. Temp. for 0°024 sec. =1 Observ. Temp. for 0°024 sec. =1 
8 A 16°5 2˙5 B 8°8 3-6 
Cc 2-2 B 8˙8 3•6 
0 16˙1 2˙2 D 8˙2 2˙6 
4 Cc 17:2 2-1 D 8-4 
E 18-0 2-0 D 9°0 3-4 
E 18-0 2-0 F 8-9 5-0 
G 16°6 1-9 F 8-9 5-0 
5 A 16˙9 19 B 8˙3 2˙9 
0 16˙9 2˙9 B 8˙3 2˙9 
6 A 17°9 8-6 B 8-0 39 
7 A 17˙2 3˙6 B 8-0 40 
Cc 17˙1 3˙3 B 8-0 40 
0 17˙1 8:3 D 7-0 a1 
E 17:1 2˙8 D 70 81 


The table shows fourteen pairs of consecutive observations. 
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twelve of these the curve of the cool muscle is seen to rise considerably 
more steeply than that of the warm muscle. In one (5 B, O) there is 
no difference; in one the curve for warm muscle is slightly the more 
steep (7 C, D). It is clear therefore that the liminal current-strength 
usually increases more rapidly in the cool than in the warm muscle as 
the current-duration is decreased. And so far the behaviour of muscle 
resembles that of nerve. 

The next question is whether the steeper rise of the curve for cool 
muscle leads to an approach or actually to a crossing of the curves for 
cool and warm muscle. We can settle this point only by the comparison 
of consecutive experiments made at different temperatures on the same 


* 


> 


Fig. 8. Exp. 3. Sartorius muscle of toad. Abscisse, one division=0-00l sec. Ordinates, 
one division=10 microampéres. Observations made at the lower temperature are 
plotted as black dises, those made at the higher temperature as circles. 


tissue, under such conditions that we are sure that the tissue was 
undergoing no progressive change which could affect its absolute 
excitability. On this point we can be certain only if the two sets of 
observations made at like temperatures before and after a single set of 
observations at the changed temperature are found to agree sufficiently 
closely. 

In most cases on plotting the mean of two sets of observations at like 
temperatures against the intermediate observations made under the 
changed temperature we found only an approach of the curves, not 
a crossing. An example of this sort is shown in Exp. 3, observations 
B. C, D, which is tabulated below and plotted in Fig. 3. 
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Exr. 8. Sartorius of toad, electrodes on extreme pelvic end. 
Liminal current in microampéres. 
B 0 D 
of current R. before exp. 14800 ohms 14600 &£D 
in seconds R. after exp. 14400 ohms 14600 Temp. 8°5" C. N 
0-024 8°7 16°1 100 9°43 
0021 9 ˙7 16˙¹ 10°0 9°43 
0017 9°6 172 10°9 10°3 
0014 10°56 18°38 12°3 114 
0-010 11°8 20°5 155 187 
0-007 16°4 26°38 18°2 173 
0°0052 20°1 29°9 20°9 20°5 
00035 35 ˙5⁵ 26 ˙4 28 7 
0°0017 43°8 §2°1 474 45°6 
0°00087 68°4 78°8 78°5 78°5 


But two of the five muscles used did show an actual crossing of the 
curves at the high and low temperatures. And in one of these muscles 
the crossing was found from five consecutive sets of observations. These 2 
five sets of observations are tabulated below (Exp. 4). 


Liminal current-strength in microampéres. 

0 D E F G 

T. before exp. II. N. C. 90 180 89 166 
— beforsesp isto ohms 14800 1180 14600 13600 

p. 

in seconds R. after exp. 12000 ohms. 14900 11900 14900 12600 
0°024 41°8 26 ˙1 88 ˙7 19°2 
0021 418 28°1 39°3 212 26°7 
0°017 42°5 29°1 40°0 23°2 27°3 
0014 44°4 34˙2 40°6 25°3 27°9 
0-010 46°9 43-1 27°8 29 ˙1 
0007 58°3 52˙3 52°0 33 ˙2 
00052 [81-2]? 68°4 64°7 49°5 38 6 
00035 8 87°5 78°6 96-0 49°3 


If we take from these observations the mean of any two sets at like 
temperatures, and plot them against the intermediate set which was 
made at a different temperature, we find a crossing of the two curves. 
For example, the mean of C and £ (17-2° and 18° C.) compared with D 
(9°0° C.) gives the following values, which are plotted in Fig. 4. Similar 
crossing will be found if the mean of D and F is compared with E, or 
the mean of E and G with F. 


: This is obviously an erroneous observation, as it fails to agree with the corresponding 
observation in E, and gives a single point lying outside the smooth curve of C. 


Exp. 4. Sartorius of toad. Cathode on extreme pelvic end. . 
* — 
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Liminal current-strength 

ore, 

0024 40°3 26°1 

0-021 40°5 28 1 

0°017 412 29°1 

0014 42°5 842 

0°010 45°0 

0007 565°1 52°38 

0°0035 83°7 87 


Fig. 4. Exp. 4. Sartorius muscle of toad. Values of abscisse and 
ordinates as in Fig. 3. 

The fact that Gotch and Macdonald did not find the reversal of 
the effect in muscle is in accordance with our experience that the large 
majority of sets of observations do not show it. The experiments 
described in this paper show that the increase of excitability towards 
currents of long duration caused by a given degree of cooling is much 
larger in muscle than in nerve'; so that one does not wonder at the 
greater frequence with which the reversal occurs in nerve. The 


difference between muscle and nerve appears then to be one of degree 
only. 


1 The increase in excitability on cooling is greater in the tissue whose excitatory 
process is slower. Compare the observation of Grützner (mentioned by Zenneck, 
Pfliiger’s Archiv. uxxvt. p. 55), that the slow, sarcoplasmic fibres of the frog’s sartorius, 
when tented by chemical show greater inerense exeltability for given fall of 
temperature than do the quick fibres. 
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SUMMARY AND CONCLUSIONS. 


It was shown by Gotch and Macdonald that a nerve has its 
excitability increased by a fall of temperature when the exciting current 
is of long duration, and decreased when the current is of short duration. 
By employing a series of currents of graduated duration we have been 
able to investigate the curves relating excitability to current-duration 
at two different temperatures. We find that the difference of excitability 
between the warm and the cool nerve changes continuously as the 
current-duration is changed. The transition from an increased to a 
decreased excitability shows no break, such as would be demanded by the 
hypothesis that the reversal of the excitability-change is due to the 
production of two different sorts of excitation by the currents of different 
duration. This result obtained with battery-currents differing only in 
duration and strength confirms the result previously obtained by 
Lapieque with discharges from condensers of varying capacity. 

In muscle Gotch and Macdonald did not find that the change of 
excitability brought about by alteration of temperature was reversed in 
direction when the duration of the exciting current was changed. Our 
experiments show that this does not imply any fundamental difference 
in the behaviour of muscle and nerve. We find that in cooled muscle 
the current-strength required for excitation increases with diminution of 
the current-duration more rapidly than in warm muscle. Whether this 
effect shall actually lead to a reversal of the excitability-change or not 
is only a matter of degree. The chief factor which prevents the reversal 
from taking place within the limits of ordinary experiments on muscle 
is the very large decrease of the liminal current-strength for long currents 
which is produced by a fall of temperature. This decrease appears to 
be much larger in muscle than in nerve. In spite of this the reversal 
does occasionally take place, as is shown by some experiments which we 
publish. 

To sum this matter up we may make the following general 
statement, valid alike for nerve and for muscle. The cooler tissue 
requires less current-strength for its excitation when currents of long 
duration are used, but when short currents are used, this effect is 
masked either partially or completely by the greater increase of 
current-strength which the cvoler tissue demands for a given decrease 
of current-duration. 

The coupling of these two phenomena—a lower liminal current- 
strength for long currents and a more rapid increase of the liminal 
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current-strength as the current-duration is decreased—is of particular 
interest. For it has been shown by one of us' that in the comparison 
of different excitable tissues belonging to a single animal the same 
phenomena are associated. In the sartorius muscle of the toad, for 
example, the muscle-fibres are excited by weaker currents than the 
nerve-fibres, provided that the exciting currents are of sufficiently long 
duration, and when the duration of the currents is decreased the nerve- 
fibres are excited by weaker currents than the muscle-fibres. In fact it 
is the coupling of these two phenomena which leads to a crossing of the 
curves relating current-duration to current-strength in the muscle-fibre 
and the nerve-fibre, and so effects a break in the current-strength and 
current-duration curve of a tissue containing both muscle-fibres and 
nerve-fibres. 
When two tissues of one and the same animal are compared, it is 
the tissue whose excitatory process is slower which possesses the 
greater excitability towards long currents and the accompanying rapid 
increase of liminal current-strength with decrease of current-duration. 
For example, in the toad or frog it is in the muscle as opposed to the 
nerve that these phenomena appear; in the lobster it is in the nerve 
which evokes slow contractions as opposed to that which evokes rapid 
twitches. It is therefore significant that when one tissue is examined 
at different temperatures the same phenomena are found at the low 
temperature as opposed to the high. For the fall of temperature 
implies a slowing of the processes involved in excitation. The known 
conditions which lead to the simultaneous appearance of a lower 
liminal current-strength for long currents and a more rapid increase of 
the liminal current-strength with decrease of the current-duration may 
therefore be summed up simply as a slowing of the excitatory process. 


1 Keith Lucas. This Journal, xxxv. p. 810. 1907. 
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ON THE CONTRACTION OF MUSCLE, CHIEFLY IN 
RELATION TO THE PRESENCE OF “ RECEPTIVE” 
SUBSTANCES. Part I. By J. N. LANGLEY,Sc.D.,F.RS., 


Professor of Physiology in the University of Cambridge. 
(From the Physiological Laboratory, Cambridge.) 


CONTENTS. 


Introduction. 

The action of nicotine on the muscles of the frog. : 
Total and punctiform application to the surface of a muscle. 

Forms of contraction. 

Differences in the reaction of different muscles. 

The percentage required to produce an effect. Decrease of irritability after 
cessation of circulation and in fatigue. 

Distribution in the muscle fibres of the substances stimulated by nicotine. 

On the question whether the nicotine stimulus affects the nerve endings or 
the muscle substances. 
Visible effects of immersing a muscle in nicotine. 
Graphic records of the sartorius and of the coraco-radialis muscles. 

Summary. 


Bee 


Introduction. In previous papers! I have shown that nicotine 
causes tonic contraction in certain muscles of the fowl, frog, and toad ; 
that this contraction is prevented by a sufficient quantity of curari; 
and that the action of both poisons in the fowl is unaltered, in essential 
features, by degeneration of the nerve endings. 

These facts seemed to me to prove that both nicotine and curari 
combine with a “receptive” substance in muscle, ie. with some substance 
which is not the actual contractile molecule, though capable of acting 
upon it. 

They seemed also, in conjunction with other facts, to make it 
probable that poisons have no special action on motor nerve endings, 
and that most of the functions attributed to such nerve endings are 
really functions of the receptive substances of the muscle. 


Langley, Proc. Roy. Soc. B, uxxvim, p. 170, 1906, and references there given, 
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In a more recent communication’ I have given a brief account of 
some further facts which tend to confirm these conclusions, and in 
addition to show in frog’s muscle, both normal and after degeneration 
of the nerve endings, (a) that at least two receptive substances capable 
of causing a slow contraction are present in the muscle fibre, one in 
the region of the nerve ending, and the other in the general muscle 
substance throughout the muscle fibre ; (8) that a similar relation holds 
with regard to two receptive substances causing a quick contraction. 
The existence of an excitable substance throughout the muscle fibre, 
and of another excitable substance near the junction of nerve and 
muscle fibre had been already shown by Keith Lucas“ by a different 
method. On the basis of these facts, the hypothesis was suggested that 
the receptive substances are radicles of the contractile molecule, and that 
those at the nerve ending are special developments of those present 
throughout the muscle fibre. 

In this and in subsequent papers, I propose to consider in more 
detail these facts and hypotheses. 

The observations have been made chiefly on the frog on lines 
similar in general to those followed in the earlier observations on the 
fowl. Since the theoretical conclusions mentioned above were based 
largely on the action of nicotine, I have considered it best to work out 
with some fullness the action of this poison before dealing with other 
chemical bodies. Various methods have been employed; each has 
some special advantage. The method of applying nicotine to small 
spots of a muscle (punctiform application) gives perhaps the widest 
range of results and I shall deal with that first. 

It is be noted that in all the methods of observation the nicotine 
and other solutions were made up, unless otherwise mentioned, in 
_Ringer’s fluid. The Ringer’s fluid used was slightly hypertonic, con- 
taining 9 p.c. NaCl, with the object of causing a tendency to elongation. 


THE ACTION OF NICOTINE. 


TOTAL AND PUNCTIFORM APPLICATION TO THE SURFACE OF A MUSCLE. 


Method. In some cases, the brain and spinal cord of the frog were 
destroyed with a seeker, the blood thus being retained in the body; in 


1 Arch. Intern. de Physiol. v.; C. R. du vii“ Congrds intern. de Physiol, p. 115. 1907. 


* Keith Lucas, Journ. Physiol. xxxv. p. 110. 1906. See also Ibid. xxxvi. p. 113. 
1907. 


* 
— 
by 
2 
7 
* 
4 
12 
4 


CONTRACTION OF MUSOLE. 349 


others, the brain was first destroyed, the skull and upper jaw cut off, the 
blood drained from the body by squeezing it from below upward, and 
finally the spinal cord destroyed. I have not found that the presence 
of the blood in the body makes any difference in the result of applying 
nicotine to the muscles, except that their irritability decreases more 
slowly. 

The muscles were expdsed in succession, but not in any given order. 
The observations, unless otherwise mentioned, were all made within 
three-quarters of an hour after death. When nicotine was applied to a 
small spot, the muscle was first lightly pressed with blotting paper to 
remove adherent lymph ; a procedure necessary to prevent the fluid from 
spreading out over the surface. A fine sable brush was then moistened 
with the solution, and the muscle lightly touched with the point, a very 
small drop (} mm.) can thus be placed on the surface. 

The muscle was observed under a dissecting lens, the light being 
arranged so that it was reflected from the surface; on the shining 
band thus seen, the outline of the drop of fluid stands out, and minute 
changes in the muscle fibre are observable. 


i. Forms of contraction. 


When dilute nicotine’ is brushed over the surface of a muscle of a 
frog or toad *, the two forms of contraction—well known to occur in certain 
muscles on injection—are usually seen, viz. more or less quick and 
brief contractions of single fibres or bundles of fibres commonly called 
fibrillar twitchings, und a slow more lasting contraction. Some of the 
features of these are however better seen on punctiform application of 
nicotine, and I shall take for description the results of this method. 
It is to be noted that the reaction varies in different muscles and in 
different parts of any one muscle; these points will be dealt with later ; 
for the present we are dealing with the forms of contraction which may 
be seen. 

(1) The quicker contractions are of three kinds. 

(a) A contraction, the duration of which is only a small fraction of 
a second ; it is often repeated several times in rapid succession, and 
then becomes irregular in period. In nearly all cases, adjoining fibres 
contract at different times so that there is an irregular fusilade. Each 

For the percentage of nicotine required, ep. p. 354. 
* I have not seen local contraction on applying dilute nicotine to the surface of the 


muscles of em: anmethetioed fowl, notwithstanding the marked contraction that is obtained 
on injecting nicotine into the circulation. 
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single contraction is like that produced in the whole muscle by a single 
induction shock and is probably the result of a single stimulus. 1 shall 
speak of it as the brief twitch. 

(6) A contraction which, like the brief twitch, is rapid in its 
beginning and end, but which lasts about 4 a second to 2 seconds. 
This appears to be a brief tetanic contraction with approximately 
maximal stimuli. 

(e) A contraction which is * at first, and then becomes slower, 
taking an appreciable time (# to g sec.) to reach its maximum; in other 
features it is like the preceding contraction. It appears to be a brief 
tetanic contraction with sub- maximal stimuli. 

As I have not noticed constant differences in different muscles in 
the occurrence of the two latter forms of contraction, I shall group 
them together under the term prolonged twitch. 
| The various twitches usually affect the whole length of the muscle 
fibres, i.e. the stimulus is conducted throughout; but this is not always 
the case, the brief twitches are occasionally confined to the immediate 
neighbourhood of the nicotine’, the prolonged twitches are more rarely 
local, but on the other hand, the maximal contraction is usually in the 
nicotine region, so that the stimulus decreases in passing along the 
muscle fibres. 

(2) The slow contraction appears under the dissecting microscope 
as a gradual flowing of the muscle substance to the spot to which the 
nicotine is applied; the movement is most rapid at first, and then 
becomes slower, and slower, the maximum being attained in a few 
seconds; after a variable number of seconds there is a gradual 
relaxation. The duration of the maximum and the rate of relaxation 
depends on the degree to which the muscle is stretched and vary in 
different muscles. These points are best determined by other methods’. 
The contraction may be spoken of as the tonic contraction. 

In my earlier paper (op. cit. 1906, p. 186) I have mentioned this 
local tonic contraction, and stated that it does not spread throughout 
the muscle fibres; this is true of the sartorius in which the effect 
was observed, but it does not appear to be universally true. In the 
rectus abdominis muscle, a small drop of nicotine applied to any part 


1 Twitches confined to a portion of a small bundle of muscle fibres may be observed in 
the sartorius both on direct stimulation of the muscle, and on stimulation of the nerve, 
with minimal induced shocks. 
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of a segment of the muscles causes tonic contraction throughout the 
length of the fibres on which the drop is placed. The contraction is at 
first usually somewhat greater in the part touched, but after a minute 
or two there is often little difference to be seen. The rate of con- 
traction depends upon the percentage of nicotine; it is quick with 
1 to 1 po. with much more dilute nicotine, as 001 p.c., no immediate 
effect may be visible, but the muscle fibres may be obviously con- 
tracted at the end of 2 to 3 minutes, the contraction being too slow 
to be followed by the eye. The final effect, whether the contraction 
is quick or slow, is that the fibres are much shorter and project a little 
above the surrounding surface at both ends, forming there a slight ridge ; 
the ridge is perhaps more easily seen with the eye (on varying the 
angle of incidence of the light) than with the dissecting lens. If the 
contraction were confined to the spot touched with nicotine, the ends 
would be stretched, and would tend to be below the general level. 

There can then I think be no doubt that in this muscle the tonic 
contraction spreads throughout the muscle fibres. The outspread might 
be due either to conduction in the fibres, or to diffusion of nicotine 
along the fibres. I take the former view for the following reasons: 
(a) with the stronger solutions of nicotine the outspread of the con- 
traction seems to be too quick for diffusion to occur throughout the 
segment which is 75 to 1 em. long; (6) when nicotine is placed close 
to the end of one segment, it does not cause contraction in the adjoining 
segment, so that diffusion certainly does not occur across the tendon ; 
(c) when nicotine is placed upon a small spot of the muscle, the lateral 
outspread of the movement is barely appreciable, and is such as would 
naturally result partly from a trifling outspread of the nicotine and 
partly from the traction on adjoining fibres exercised by those con- 
tracting; the longitudinal outspread is, as I have said, throughout the 
segment’; (d) in the sartorius muscle, in which the arrangement of 
the constituent parts is presumably the same as in the rectus ab- 
dominis, the contraction caused by nicotine is practically confined to 
the spot to which nicotine is applied. 

There is also evidence that the slow contraction is more or less con- 
ducted in the muscle fibres of the flexors of the arm, and in some other 
muscles, but the evidence is less clear than in the case of the rectus 
abdominis and it will be considered later. ä 

The removal of fluid by blotting, though it prevents outspread of fluid on the surface 


of the muscle, does no doubt tend to cause ontspread amongst the muscle fibres, but if this 
occurred there should be appreciable lateral outspread. 
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There are one or two points affecting the contractions which may be 
noted here. 

In any given muscle, the number and intensity of the twitchings, 
and the rate and intensity of the tonic contraction increase up to a certain 
limit on increasing the percentage of nicotine above the minimal 
effective percentage, but the limit is much sooner reached in the case 
of the twitchings than in that of the tonic contractions. The twitchings 
stop soon after the application of nicotine, the time varying from a few 
seconds to about a minute; when they have stopped, re-application of 
nicotine of the strength previously used has little or no effect; a 
sufficiently strong solution however (as 5 to 1 p.c.) causes further tonic 
contraction but no twitchings. 4 

In all muscles there is a certain stage of decreased irritability in 
which nicotine causes no twitchings, but still causes tonic contraction. 

When small drops of nicotine are applied to different spots on a 
muscle, some spots give a quicker or stronger response than others ; 
in one muscle only, the rectus abdominis, this is not at once obvious 
(cp. p. 354). These spots are not close to the tendon in any of the 
muscles that I have investigated. 


ii. Differences in the reaction of different muscles of the frog. 

The different muscles of the frog have constant and remarkable 
differences of reaction to nicotine. I have not systematically examined 
all the muscles of the body, but they may I think be roughly grouped 
under the following types. 

(a) M. sub-maaillaris'. Nicotine applied to a small area of this 
muscle causes very obvious brief twitching. The twitching occurs in 
rapid succession in small bundles of fibres, and the same bundle may 
twitch many times; it is obtained from any. part of the muscle, but it 
is generally strongest and continues longest on application of nicotine 
near the outer edge and in the middle of the muscle. The prolonged 
twitch is comparatively rarely seen. 

Nicotine causes also local tonic contraction. With the stronger 
solutions the contraction seems to spread slightly beyond the spot 
touched ; it lasts some minutes and then slowly disappears. 

(6) Transverse and oblique abdominal muscles. These differ from 
the sub-maxillary muscle chiefly in the brief twitchings being fewer, 
and the prolonged twitchings being more frequent, and in the especially 
irritable spots occupying a less area of the muscle. 

For the nomenclature op. Gaupp, Anat. d. Frosches. Braunschweig, 1896, 
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(c) Flewor muscles of the fore limb. In these the brief twitching is 
less than in the preceding group, the prolonged twitching is more 
marked, and the contraction in the prolonged twitch is usually slow. 
The tonic contraction lasts longer than in class (a), and apparently also 
than in class (5). 

In most of these muscles there is, on punctiform application of 
nicotine, some indication that the tonic contraction spreads to a greater 
or less extent from the point touched along the musele fibres. The 


muscles I have chiefly examined are the pectoralis abdominis, the 


coraco-radialis, and the flexor carpi radialis. In all of them, there are 
certain spots which cause much more ready contraction than any 
others; if one of these spots is touched with nicotine, the rather quick 
local contraction which occurs is often gradually followed by a depression 
along the whole length of the muscle instead of the short depression 
which is produced in the sartorius by similar treatment. The difference 
in the two cases might however be due to the local contraction in the 
arm and shoulder muscles being much stronger than in the sartorius, 
and sufficient to drag down even long fibres like those of the pectoralis 
abdominis throughout their entire length. That the arm muscles do 
contract more strongly’ than the leg muscles on application of nicotine 
is indicated by the effect of brushing nicotine over the muscles singly ; 
the arm muscles cause various movements of the arm in a series of 
small jerks, whilst the leg muscles (the leg being arranged to give as 
little resistance as possible) rarely cause even a trace of movement of 
the limb. In the flexor carpi radialis (and to a less extent in the other 
arm muscles) the ends of the affected fibres at the lower tendon form a 
slight ridge and are obviously contracted, but, unfortunately, so far as 
deciding the point at issue is concerned, the arm muscles after exposure 
and removal of surface fluid commonly become tonically contracted, so 
that a ridge at the tendon is formed independently of nicotine action. 


After many observations by this method I have been unable to arrive 


at a definite conclusion; I can only say that the indications of outspread 
of contraction are greater immediately after the muscle is exposed, 
and that later, if there is any conduction, it is very slow. 

Nicotine applied to the digital muscles causes more or less prolonged 
tonic contraction (accompanied by movements of the digits) and as a 
rule fairly good fibrillar twitching. The digital muscles of the hind 
limb behave in much the same way. 


1 This of course might be due either to an outspread of the contraction, or to stronger 
local contractions, or to both of these. 
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(d) Muscles of hind limb. In these, the irritability to nicotine is 


less than in the muscles of the preceding classes. A higher percentage 


of nicotine is required to produce an effect and the strength—apparently 
also the duration—of the tonic contraction is less. The twitchings are 
somewhat less marked than in the fore limb, and the rate of contraction 
of the prolonged twitches is nearly always rapid. Application of 
nicotine to the flexors or to the extensors of the leg does not as a rule 
cause any movement of the limb. 

The pectoral cutaneous and abdominal cutaneous muscles behave in 
much the same way as the leg muscles. 

(e) Rectus abdominis. This muscle in its behaviour to nicotine is 
characterised by the frequent absence of all twitchings and by the 
obviousness with which the tonic contraction, wherever set up, spreads 
throughout the length of the fibres. Further there is only a slight 
difference between the responsiveness of the middle and of the ends 
of the fibres. These characteristics are less marked in the lowermost (the 
pelvic) segment than in the others. 

I have never seen twitching in all the fibres of a segmeut; when 
twitching occurs, it consists usually of a rapid succession of brief twitches 
in a very small bundle of fibres, apparently two to six, occasionally it is 
more widely spread, and there may be one or two prolonged twitches. 


iii. The percentage of nicotine required to produce an effect. Decrease 
of irritability after cessation of circulation and in fatigue. 

The percentage of nicotine required to produce a response depends 
upon the state of the muscle. A much higher percentage is required 
in the muscles of torpid than of active animals. Even in active and 
apparently healthy frogs there are considerable differences. 

_ The percentage required varies in different muscles in a fairly 
constant manner, thus it is less in the muscles of the lower jaw than in 
those of the thigh. This difference is greater in torpid than in active 
animals and increases up to a certain limit with the time after death at 

which the muscles are observed. ö 


The results I have obtained on freshly caught frogs in summer may 
be summarised as follows : 

Nicotine 00001 p.c. may cause a slight twitching and tone in a few 
spots of the sub-maxillary muscle, and it may cause in a minute or two 
slight contraction of the rectus abdominis. I have not found it, by this 
method, to have an effect on any other muscle. 


4 * ‘ 
1 223 
« 
2 
. 
2 
0 


CONTRACTION OF MUSCLE. 355 


Nicotine 0001 p.c. may cause in addition, slight tone and twitching 
from one or two spots on the coraco-radialis and on some of the fore- 
arm muscles and on the cutaneus pectoris muscle. 

Nicotine 001 p.c. may cause some twitching (generally of the 
prolonged type) and fairly good local tone from a ſew spots on the sterno- 
pectoral muscles, and slow tonic contraction from more spots; it may 
cause in the leg muscles slight tone from a few spots and more rarely 
In all muscles the tonic contraction is with minimal solution more 
constant than the twitchings. The maximum twitching is usually 
obtained with 05 to ‘1 pe. 

In spring and winter, in frogs which had been kept in the laboratory 
for a variable time, considerably stronger solutions were generally 
required; thus 1 p.c. nicotine often caused in the sartorius muscle 
only slight tone, sometimes without twitches, from a few points. 
The sub-maxillary muscle varied less, 05 p.c. nicotine nearly always 
causing marked tone and twitchings. 

The rate of decrease of irritability after death also varies widely, 
the only points which seem to me certain are that the irritability of the 
sub-maxillary muscle decreases less rapidly than that of the thigh muscles, 
that there is a stage in which fairly quick tonic contraction is obtained 
but no twitchings, and that the tonic irritability to 1 p.c. nicotine 
remains nearly if not quite as long as the electrical irritability, 
provided nicotine has not been previously applied. 

The irritability to nicotine is also decreased by fatigue. If the nerve 
to the sub-maxillary muscle is stimulated with tetanising currents 
at short intervals for half-an-hour, 1 p.c. nicotine causes but slight 
twitching, and from many fewer spots than on the normal side, there is 
also a diminution in the rate and intensity of the tonic contraction. On 
longer stimulation, nicotine may cause no twitchings, though contraction 

is still obtained on stimulating the nerve. 


iv. Distribution in a muscle fibre of the substance or substances 
stimulated by nicotine. 

I have already stated in my previous account (op. cit.) that 1 p.c. 
nicotine applied to the nerve-free end of a sartorius muscle will cause 
local tonic contraction though of less strength than in the rest of the 
muscle, 

The first point to investigate, with regard to the irritability in 
different parts of a muscle fibre, is the degree of response given by the 
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muscle in the region of the nerve ending. The method I have used is tc 
place small drops of dilute nicotine successively in a row on a small 
bundle of nerve fibres, and to note the effect, if any, produced by each 
drop. As several rows of drops can be placed parallel to one another, 
several percentages of nicotine can be tried on the same muscle. When 
the observation is carried out on the sartorius muscle, a certain dilution 
of niootiue causes tonic contraction and some twitching from a few spots 
only (generally two to four), and has no effect in the rest of the muscle- 
bundle. With a greater percentage of nicotine, although tonic contrac- 
tion may be obtained from a greater or less number of spots, there are 
always two to four in which the tonic contraction is much more rapid 
than elsewhere, and in which twitching is usually set up. It has been 
shown by Mays! that in the sartorius, the nerve-endings occur chiefly 
in a band near the entrance of the nerve and in another band one-fourth to 
one-third from its upper end. It is in these bands that small drops of nico- 
tine most frequently produce their maximum or sole effect. The presence 
of nerve-endings in the spots of greatest irritability can be shown by 
carefully noting the position of these spots, and then treating the muscle 
with methylene blue. 

I have made similar experiments on the muscle removed from the 
body and observed under the microscope with a magnification of 60 to 
70 diameters. The muscle is placed on a slide, deep surface uppermost, 
blotting paper is drawn across the surface (the tendon being held by 
forceps) in order to remove excess of fluid and to extend the muscle. 
A portion of the muscle containing a transversely running small bundle 
of nerve fibres is brought into the field of the microscope, small drops 
of nicotine are placed in a longitudinal row on two or three fibres over 
the small nerve branch and on either side of it, and the position and effect 
of each drop is noted. The muscle is then stained with methylene blue. 
Proceeding in this way, I have constantly found nerve-endings in the 
position of maximum or sole effect. The irritability of the muscle to 
nicotine is much less in this method, than when the muscle is observ 
in the body. 

When the muscle is stained with methylene blue before examination, 
the irritability to nicotine is greatly diminished, but in favourable cases 
it can be seen that a small drop of nicotine placed near, but not touching 
a nerve-ending is without effect, whilst placed on the nerve-ending it 
produces local contraction. Twitchings are rarely, if ever, produced from 


1 Mays. Zeitech. f. Biol. xx. p. 479. 1884. 
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the region of a nerve-ending after the hypolemmal fibres have been 
stained with methylene blue. 

These facts show that in the sartorius muscle, both the slow local 
tonic contraction, and the quick brief conducted contractions set up in 
a muscle fibre by nicotine, are set up much more readily in that part of 
it which lies under the nerve-ending than elsewhere; i.e. in general 
terms, the excitability of the muscle fibre to nicotine is greatest in the 
region of the nerve-ending. 

Since nearly all the muscles of the body show a difference of 
excitability at different points similar to that shown by the sartorius 
muscle, it is practically certain that the law holds for these muscles also. 
In a good many instances indeed I have compared the positions of 
greatest irritability with the distribution of nerve-endings as described 
by Mays’, and they have always closely corresponded. In other instances 
I have compared the effect of local application of nicotine to a part 
close to a tranversely running small nerve bundle, and to a part free 
from nerve fibres, with results similar to those obtained with the 
sartorius. 

Conversely, it follows that the position of the nerve-endings in the 
superficial fibres of a muscle can be ascertained by observing the points 
which respond most readily to dilute nicotine. 

In two of the muscles I have examined, viz. the sub-maxillary and 
the rectus abdominis, a difference in the response to nicotine of different 
points of the muscle is much less easily observed. It is well known, 
however, that in the sub-maxillary muscle, the nerve-endings are 
scattered over the muscle; further, many of the fibres appear to have 
several nerve-endings, and the fibres (except in the most anterior part) 
are unusually small; thus it is more difficult to apply nicotine to a small 
part without affecting one or more nerve-endings. In the rectus 
abdominis muscle also—as has been shown by Mays*—the nerve-endings 
are not arranged in a line running transversely across the muscle segment, 
but are more or less scattered throughout it. When drops of dilute 
nicotine 1 to 2 mm. in diameter are placed on a segment, the rate of 
contraction is not greatly different in various regions though generally 
somewhat quicker near the middle where there are most nerve-endings, 
but if very small drops of nicotine are applied some deste: give a rapid 
and others a slow response. 


W Mays. Zeitsch. f. Biol. xx. p. 449. 1884. 


* Mays. Ueber d. Nervatur. d. Musc. Rectus Abdominis d. Frosches. Heidelberg (Winter), 
1886, 
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I have made some microscopical observations to determine whether 
in the sartorius the slow contraction is strictly limited to the region of 
the nerve-ending. I have said that when the sartorius is cut out, and 
its adherent fluid removed, its irritability to nicotine rapidly diminishes ; 
the chief stages are: (a) twitchings as well as tonic contraction are 
obtained; (b) twitchings are not obtained, 1 p.c. nicotine causes good 
tonic contraction in the region of the nerve endings but not elsewhere ; 
(o) tonic contractions are good with 1 p. c. nicotine but the nerve-ending 
region responds little if at all better than the rest of the fibre. In the 
latter part of stage (b) I have sometimes seen the bulging of the fibre 
limited to a portion corresponding to the average length of a nerve- 
ending. But in the early part of stage (b) and still more in stage (a), it 
is difficult to determine the limits of the contraction, on account of its 
greater rate, and still more on account of the crinkling of the fibres 
which takes place. The crinkling of the fibres consists in a series of 
close set bulgings, each bulge having usually 4 to 6 transverse striations. 
It is similar to the crinkling seen at the angles of the bends of an 
unstretched muscle after brief tetanization or brief treatment with 
01 po. veratrin. In the main no doubt it is a mechanical folding 
of adjoiming fibres produced by the contraction of the nerve-end 
region. If a sartorius is placed in 1 p.c. nicotine for a short time, then 
washed in Riuger's fluid and examined, the regions of the nerve-endings 
are shown by the position of the crinkled fibres. If a sartorius is freed 
from adherent fluid, so that it clings a little to the glass, and a small 
drop of 1 p.c. nicotine is placed on a nerve-ending region, a particular 
fibre watched may be seen to become broader at one spot, and to 
become crinkled for two or three times the extent on one or both sides, 
of the broader portion, in about half a minute to a minute slight 
extension occurs and the crinkling diminishes or disappears according to 
the tension. In some cases I have stained the nerve-endings with 
methylene blue, after the muscle has been dipped in I p.c. nicotine, and 
found nerve-endings in a smooth contracted region with a crinkled part 
extending on one or on both sides of the contracted region. 

So far the appearances clearly indicate that the contraction is 
confined, or nearly confined, to the region of the nerve-ending, and 
that this contraction drags on the immediately adjoining fibres and 
throws them into narrow folds, It follows that, other things being 
equal, the total shortening of the muscle will be greater, the more the 
nerve-endings are scattered throughout the length of the muscle. 

But there are some appearances which indicate that the statement 
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just given does not cover the whole matter. In the actively reacting 
muscle, the extent of the fibre which thickens seems often longer than 
a nerve-ending; this may be due to a greater pull exercised by 
adjoining fibres, but it may also be due to a slight outspread of 
contraction. In stage (b), at the height of contraction the thickened 
part of the fibre becomes crinkled, de. the part at the nerve-ending 
becomes folded and the foldings throughout may be more and more 
oblique in passing from the obviously contracted part to that apparently 
only mechanically folded. Further 1 p.c. nicotine rapidly causes more 
or less crinkling of all the fibres touched, though this may be preceded 
by the thickening indicating symmetrical contraction. These facts 
suggest the possibility not only of a lack of transverse conduction, but 
also of a difference in the contraction of the longitudinally arranged 
material, i e. either of different fibrils, or of sarcoplasm and fibrils. These 
points require further investigation. 


I have not obtained satisfactory results by irrigating with nicotine muscle fibres teased 
out in Ringer’s fluid; the stronger solutions of nicotine (-5 to 1 p.c.) have a tendency to 
bring out the longitudinal striation, make intervening sarcoplasmic granules much more 
distinct, and to cause transverse rupture of the muscle substance ; in free floating broken 
fibres 1 p.c. nicotine causes great shrinking, rupture of the muscle substance at irregular 
intervals and the appearance of small blebs or clear drops outside the sarcolemma : a far 
greater disintegration than is indicated by the graphic records of muscle immersed in 
1 p. e. nicotine (op. below p. 364); I take the change to represent rapid nicotine rigor. 


The next point to investigate is the degree of response to nicotine 
in a muscle region known to be without nerve-endings. It is known that 
the ends of the sartorius, the pectoral cutaneous, and the abdominal 
cutaneous muscles are devoid of motor nerve-endings. The distribution 
of the nerves in the first muscle has been described by Kühne, and in 
all three by Mays (op. cit. 1884). Mays states that one-sixth of the 
sartorius at each end, and about one-third of the other two muscles 
at each end have no motor nerve-endings. I have accordingly made 
observations on these muscles, but chiefly on the sartorius. 

In the sartorius the percentage of nicotine required to produce 
a visible effect in the uerve-free end is relatively high. It is usually 
‘5 to 1 pe. in perfectly fresh and active summer frogs. In the sartorii 
I have experimented on, about 4mm. of the lower end are free from 
nerve-endings. There isa distinct decrease in response in this region in 
passing toward the end; a percentage of nicotine which gives obvious 
local contraction at the 4th and the 3rd mm. may produce none in the 
terminal 2 mm., and, in general, the effect is greater at the 4th than at 
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the 3rd mm. Occasionally, even in apparently active frogs, 1 p.c. 
nicotine bas no obvious effect on the terminal 2 mm. 

There is a similar variation in irritability in the upper end of the 
sartorius, and in the nerve-free portion of the pectoral cutaneous, and of 
the abdominal cutaneous muscles, but the irritability is greater in these 
than in the lower end of the sartorius muscle. 

From the 2mm. at either end of the sartorius, from the 3°5 mm. of 
the cutaneous end of the pectoral cutaneous', and from the 4mm. of 
the cutaneous end of the abdominal cutaneous I have never obtained 
twitching by applying nicotine up to 1 p.c. On exceeding these limits 
by a millimetre I have occasionally, though rarely, obtained twitching. 
This is usually at any rate still in a region free from nerve-endings, 
but it is probable that some variations occur in their distribution, and 
the occasional occurrence of twitching might be referred to such 
variation. Another fact bearing on this question is mentioned towards 
the end of this section. 

A further point to consider is the response of the muscle fibre to 
nicotine in the portion between the nerve-ending and the terminal 
2 to 3 millimetres. In the stage (stage (c) p. 358) in which the special 
irritability in the region of the nerve-ending has disappeared, there is 
little if any difference in irritability to 1 p.c. nicotine in any part of the 
muscle. But the fresher and more irritable the muscle, the more 
indications there are that the irritability of the mid-region is greater 
than that at the ends. In the fresh sartorius, not removed from the 
body, the terminal 2 mm. respond less constantly to nicotine than 
the rest of the muscle, I think these two millimetres may, with fair 
certainty, be taken as being less irritable than the rest of the muscle 
fibres. Further, I have often found that the number of spots which give 
local tonic contraction increases with the percentage of nicotine. Thus, if 
two or three dozen small drops of 05 p.c. nicotine are placed in a row 
on a small bundle of fibres, tonic contraction may be obtained from 2 to 
4 spots only (the region of nerve-endings); an gdjoining bundle of fibres 
treated with 1 p.c. nicotine may give relatively quick tonic contraction 
in 2 to 4 spots, and slower contraction in 8 to 10 others; another 
bundle treated with 5 p.c. nicotine may give tonic contraction in most 
of the spots, and 1 p.c. nicotine will give contraction in all. 

This suggests that although the irritability is much greater in the 

About 2 mm. of the pectoral end of the muscle gives no twitching with nicotine; at 


the 4th mm. there is commonly twitching. In the one or two preparations I have made, 
the nerve-endings extend nearer the pectoral than the cutaneous end of the muscle. 
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region of the nerve-endings than elsewhere, the irritability is not equal 
in the rest of the muscle fibre, but is greatest near the nerve-ending 
and decreases from this region towards the end. I am not however 
certain that the explanation thus suggested is the correct one and 
I propose to investigate it more fully later. 

Whatever strength of nicotine, up to 1 p.c., is used, there are a few 
points only in a small bundle of muscle fibres which give rise to 
twitching ; I conclude then that nicotine rarely, if ever, gives rise to 
twitching in a muscle fibre, except when it affects the region of the 
nerve-ending. 

It may be noted that the irritability in the region of the nerve- 
endings does not appear to be the same in all muscle fibres; for with 
dilute solutions of nicotine (001 to ‘01 p.c.), some bundles do not twitch 
at any point, whilst other bundles do at two to four points. 


v. On the question whether the nicotine stimulus affects the 
nerve-endings or the muscle substance. 


Evidence that nicotine stimulates a constituent of the muscle will be 
given in a later paper dealing with the condition of the muscle after 
the nerves have degenerated, but some confirmatory evidence is afforded 
by the phenomena described in the preceding section, and this may 
conveniently be considered here. 

Kiihne was the first to show that a stimulus—electrical, mechanical 
or chemical—applied to a peripheral nerve branch supplying a portion 
of a muscle might pass centrally along the branch, and then peripherally 
by another branch causing contraction of another portion of the muscle. 
He showed this in the two segments of the gracilis and in two parts of 
the sartorius divided from one another by a longitudinal incision. He 
showed also that at the point of separation of the nerve branches, there 
were dividing nerve fibres, one division passing into one branch of the 
nerve and the other into the other branch, and in this way, and by 
exclusion of other possibilities, showed that the phenomenon was due 
to the passage of the stimulus up one arm and down the other of a 
dividing nerve fibre. Similar results were obtained by Mays in a 
transversely divided sartorius and in the rectus abdominis muscle. 

The action produced in this way I shall speak of as an axon reflex 
in accordance with the terminology I have used in connection with 
similar effects in the sympathetic system. The facts I have mentioned 
above on the punctiform application of nicotine show that neither the 
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stimulus causing twitching nor that causing tonic contraction sets 
up an axon feflex. In the hundreds of observations I have made on the 
effect of applying nicotine to small spots of the different muscles of the 
body, I have never séen either twitching or tonic contraction in any 
fibres remote from the spot touched; there is a very narrow margin on 
either side of the drop of nicotine—consisting of two or three fibres— 
which are sometimes affected, for the nicotine in diffusing through the 
connective sheath of the muscle naturally does not take a course 
exclusively at right angles to the surface of the muscle. 

In all the muscles of the frog which have been investigated, dividing 
nerve fibres supplying separated muscle fibres are present, i.e. the 
conditions adequate for an axon reflex are present; since axon reflexes 
are not produced by nicotine, it follows that nicotine does not set up 
a retrograde impulse in nerve fibres. 

The punctiform method is of course not the only way in which the 
matter can be tested, nicotine can be brushed over the whole of one of 
the two segments of the gracilis or of one of the five segments of the 
rectus abdominis. The action is in all cases confined to the segment 
touched. This is in harmony with the fact that nicotine applied to a 
motor nerve does not cause twitching or tonic contraction in the muscle. 
It is clear then that on the hypothesis that nicotine stimulates nerve- 
endings, the nervous impulses do not travel in both directions along 
them, but centrifugally only; so that, on this hypothesis, the axis 
cylinder as it divides into its terminal branches becomes fundamentally 
altered in its conducting power,—a view which seems to me in the 


highest degree unlikely. 


VISIBLE EFFECTS OF IMMERSING A MUSCLE IN NICOTINE. 


When the sartorius is removed from the body and placed in dilute 
nicotine’ the immediate and obvious effects are fibrillar twitchings and 
some more general contractions, with a certain degree of shortening of 
the muscle. As a rule there are at first rapid and numerous brief 
contractions of separate fibres or of small bundles of fibres; these then 
become fewer and in their place are contractions of a more or less 
considerable portion of the muscle, so that the muscle becomes bent on 
itself, at first usually towards the deeper surface ; the contractions then 
become weaker and at longer intervals; in 1 p.c. nicotine they cease 


: It may be recalled that the nicotine solutions were all made up in Ringer’s fluid and 


not in water. 
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in a minute or two. After the twitchings have stopped in the more 
dilute nicotine solutions, they can, for some time be started again (just 
as NaCl 6 twitchings can be increased) by brief electrical stimulation. 
The brief twitches give the impression of being much more numerous 
by this method than by that of punctiform application, and are 
undoubtedly more numerous than when the surface of the muscle in 
the body is brushed over with nicotine. 

After the fibrillar contractions have ceased, the contour of the 
muscle (with 005 to 1 p.c. nicotine) is not regular. There is a bulging 
a little to the lower side of the entrance of the nerve, and another less 
marked } to 3 of the length of the muscle from its upper end; these are 
in the regions where there are most nerve endings, and represent the 
greater local contractions in these regions; the distinctness of these 
bulgings varies in different sartorii and with different percentages of 
nicotine ; in one set of observations in which the nicotine was diluted 
with 6 p.c. NaCl instead of Ringer’s fluid, they were very distinct and 
remained so in solutions of about ‘01 p.c. for several hours. About 
3 mm. of the lower end of the muscle is usually bent over and rather 
rounded and forms a third bulge ; this is probably a physical effect due to 
the contraction of the adjoining nerve-ending region, and the arrange- 
ment of the tendon bundles. 

When the muscle is placed in ‘25 to 1 p.c. nicotine, there occurs, 
some time after the twitchings have ceased, a slow shrinking of the 
muscle, the rate increasing with increase in the percentage of nicotine. 
When the shrivking has reached its maximum, the muscle is more 
opaque and the irritability is slight and local or mil. The change 
resembles the gradual onset of rigor mortis. It will be convenient 
to speak of it as nicotine rigor, though I am not certain that the muscle 
is really dead, for some time after electric currents produce no response. 
A similar slower shrinking may occur with more dilute solutions of 
nicotine ; I have not however determined what is the lowest percentage 
which will produce it nor why the percentage as nat varies in different 
sartorii (cp. the following paragraph). . 

I have made a certain number of rough experiments on the duration 
of irritability in different percentages of nicotine as compared with that 
in Ringer's fluid alone. The irritability was tested by placing the 
muscle at intervals on a glass slide, stimulating it with induced currents 
and observing the effect under a dissecting lens. The duration varied so 
much—possibly because the frogs were taken indiscriminately from 
those kept in the laboratory—that it is not worth while to give the 
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results, but it may be mentioned that irritability may still be present 
after a days stay in ‘25 nicotine. In fact the last traces of irritability 
disappear very slowly, provided the muscle is stimulated at sufficiently 
long intervals and not with an unnecessarily strong current. 

The change in response to single induction shocks is much like that 
which occurs in Ringer's fluid alone, but occurs more rapidly. Stronger 
stimuli are required to cause a contraction throughout. The contrac- 
tions then become local, and spread out over a slightly different area at 
the make and break; then the small local contraction is usually only 
obtained from the kathode both at the make and break. It has 
however seemed to me that the conductivity disappears relatively 
earlier in the nicotine solutions than in Ringer’s fluid. 


GRAPHIC RECORDS. 


Method. The most compact tendon was tied and cut, the other end 

of the muscle was left attached to the bone. The bone was fastened to 
a clamp hanging from a lever, the opposite end of which wrote on 
a kymograph; the clamp was connected with one end of the secondary 
coil through a commutator. The thread tied on the tendon was 
tied to a fixed hook so that the end of the tendon pressed against it ; 
the hook was connected by insulated wire through the commutator to 
the other electrode of the secondary coil. 
A vessel with content of 30 C.. was fastened to the vertical rod 
carrying the apparatus connected with the above arrangement. This 
could be brought up so as to surround the muscle, The vessel in this 
position was usually filled with fluid from above by means of a pipette ; 
the fluid was as a rule allowed to run down the side of the vessel, but in 
particular cases it was poured down the muscle, so that the whole 
surface of the muscle was practically instantaneously moistened; the 
filling occupied 3 to 8 secs. Sometimes the vessel was filled before 
being raised, in this case the fluid moistened the muscle from below 
upward in a second or less. At the bottom of the vessel was a tap by 
which it could be rapidly emptied. 

The lever used at first was one of the ordinary type, i.e. one giving a 
curved line on the stationary drum. This rendered the time relations of 
the contractions tedious to follow; to avoid this, Mr Keith Lucas was kind 
enough to devise an arrangement by which the movement of the point 
of the lever was confined to a vertical line. This ingenious piece of 
apparatus he will himself describe later, In the form of it which I have 
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used some care is required in adjusting the pressure of the writing point 
on the paper; in my earlier curves this was not sufficiently attended to, 
and in these there is in places some distortion, though unimportant for 
my purpose. 

As a preliminary to each experiment, the muscle was left in Ringer's 
fluid for a short time, usually 2 to 5 mins.; the position of the secondary 
coil giving a contraction at make and break of the primary was deter- 
mined. The nicotine solution was then run into the vessel for a 
definite period ; on running off the fluid the muscle was thus left in a 
moist chamber, but the nicotine of course continued in contact with the 
muscle fibres. When it was desired to wash away the nicotine, the 
vessel was filled with Ringer’s fluid once or twice and run off, then left 
in the fluid for a variable time. 

The nicotine solution rapidly makes its way throughout the muscle ; 
thus if a dozen drops of 1 p.c. nicotine are allowed to flow from a fine 
pipette down the sartorius, the contraction obtained is like that when 
the muscle is immersed in nicotine, and subsequent immersion has often 
no further effect. Ihave used this method for preliminary experiments 
only. All the results described have been obtained with complete 
immersion of the muscle. 

It happens occasionally that when Ringer’s fluid, with or without 
other substance, is run into the vessel or run out of it, a contraction of 
the muscle is obtained, presumably by closure of an injury current in 
fragments of muscle attached to the bone, or in the muscle itself. This 
I have not seen with certainty at the beginning of an experiment’, but 
it has been very marked in some cases after various substances have 
been applied, particularly sodium chloride and veratrin; the form of the 
contraction produced I shall deal with at a later time. 

Eaplanation of the tracings. In all the tracings the time is 
marked either in seconds (each 10th second being absent), or in ten 
second intervals. A single rise of the marker usually indicates that 
the drum was stopped, in some cases it shows where the nicotine 
solution was run off from the muscle chamber. A rise of the marker 
followed shortly after by a fall, shows (a) the beginning and end of 
filling the muscle chamber with a solution, (b) the time of the make 
and of the break induced shock. The letter c is used for the secondary 
coil of a du Bois’,induction machine, the position of the index being 
given by the number; thus c=10 indicates that the index of the 

In Figs. 2 and 7 (sartorius curves) there is a quick rise at the beginning suggesting 
stimulation, but it might be caused by an unusally strong twitch. 
PH, XXXVI. 3 24 
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secondary coil was at 10cm. of the scale. The fluid in the muscle 
chamber was of course allowed to run off before stimulating the muscle. 
The lever was unweighted unless this is specially mentioned. The 
weight of the lever itself was 2} grams. The excursion of the lever 
with a quick contraction is somewhat greater than that which corre- 
sponds to the contraction and relaxation of the muscle. The base line 
shows the level of the lever at the beginning of the experiment when 
the muscle was in Ringer's fluid; the times are reckoned from this. 

In all the experiments of which tracings are given, the magnification 
of the changes in the length of the muscle was the same (8 times), so 
that if allowance is made for the reduction of the tracings in the figures 
(which is in linear measurement), the figures give some indication of 
the relative changes in length in the several muscles in various 
circumstances. But no accurate comparison can be made since the 
frogs taken were of unequal size; they ranged in weight from about 15 
to 25 grams. The length of the several muscles was measured in 
a medium size frog and found to be: sartorius, 32 mm., coraco-radialis, 
15 mm,, flexor carpi radialis, 15 mm., rectus abdominis, 43 mm. 

Use of the term irritability of muscle. In the following experiments 
the proper index of a variation of irritability is a variation in the 
strength of the minimal current required to cause a visible contraction. 
But to avoid periphrasis I have sometimes been driven to speak of 
a variation of irritability when the variation is only one in the height 
of contraction. The other factor in the height of the contraction, viz. 
the conductivity, is not determined by the method I have used. 
Although the irritability and conductivity commonly vary together, in 
some of my experiments they probably do not. The general results of 
the experiments tend to show that after dilute nicotine, the conductivity 
and irritability of most muscles at any rate are less in the region of the 
nerve-endings than elsewhere, and if this is so, a certain strength of 
stimulus applied at one end of a muscle would be conducted as far as 
the nerve-endings and no farther; thus the height of the contraction 


would be largely dependent on whether the stimulus passed the block 
or not, 


The sartorius. 
have taken the sartorius as the type of the muscles of the hind 
limb. A few experiments were made with the gastrocnemius; the 


results obtained differed only in detail from those given by the 


sartorius, and there are, no doubt, some such differences of detail in the 
other muscles of the leg. 
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Nicotine ‘001 p.c. causes a slight rise only in the tracing— 
a few millimetres with the magnification and weight I have 
employed. Nicotine 005 p.c. generally causes a marked con- 
traction’ as in Fig. 1. 


Fig. 1. x. Contraction of sartorius with 005 nicotine. Effect of stimulating with 
make and break induction shoeks before and after nicotine; secondary coil at 8 
throughout. 
0’—Musele in Ringer’s fluid. 
2’—Stimulate first with make and then with break shock, raise lever to base line. 

’—Pour 006 p.c. nicotine into muscle chamber, beginning and end of pouring in 
marked. 
11’—Stop drum, and run off nicotine. 
114’ and 12}/—Stimulate with M and B shocks. 


The first part of the curve given by a sartorius with unweighted 
lever (ie. with a weight of 2°5 grams) is much the same with all 
strengths of nicotine from 005 to 1 pc. There is a rise for about 
20 seconds*, the last part of the rise being much slower than the first. 
Very soon after the maximum height has been attained the fall begins, 
The extent of the rise increases in general with the percentage of 
nicotine, but is comparatively slight in passing from 1 p.c. to 1 p.c. in 
the muscle of a fresh and active frog. The time taken to reach the 
maximum decreases slightly with increase of precentage of nicotine, 
but seems to be chiefly dependent upon the condition of the muscle. 

The rate of the fall in the curve decreases with increase in the 
percentage of nicotine, and is dependent partly on the size of the 
muscle since the tensile stress of the unweighted lever is less per unit 
of area in a large muscle than in a small one. In general, with 
percentages of nicotine up to about ‘25 p.c. the original length of the 

1 This is with active summer frogs; the effect of nicotine, as I have said earlier, 
depends greatly upon the condition of the muscle. 

* On punctiform application, the maximum contraction seems to the eye to be attained 
much more quickly (cf. p. 850); the longer time taken by the whole muscle in the 


graphie recérd is no doubt in part due to the time taken by the nicotine in reaching the 
central muscle fibres. 
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muscle is regained in 2 to 4 minutes’, the time being rather less when 
the nicotine is run off after half-a-minute to a minute than when the 
muscle remains immersed in the nicotine; in Fig. 2 the muscle was 
left in nicotine 05.p.c. for 12 minutes. 


Fig. 2. „. Oontracion of sartorius with 06 p.c. nicotine. Effect of stimulating with 
make and break induction shocks before and after nicotine. | 
O—- Muscle in Ringer’s fluid. 
2’—Stimulate with M and B induction shocks ; C=12. 
8’—Pour in 05 p.c. nicotine. 
15’—Ran off nicotine and stimulate with M and B shocks ; C= 12. 
17’—Stimulate ; C= 10. 18’—Stimulate ; C=8. 


Fig. 8. Reduced +}. Contraction of sartorius weighted with 24 grams, with 1 p.c. 
nicotine, and nicotine rigor. The nicotine was left in the muscle chamber for 10 
mins. Three minutes later, induction shocks still caused slight contraction, after this 
no further contraction was obtained. In Ringer’s fluid the muscle regained its 
length in 45 mins., its irritability was not regained either then or 24 hours later. 
Time in 10 sec. intervals. 


It is to be noted that in the absence of all external stretching force, the local 
shortening may be of long duration (ef. p. 368). 
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With 1 p.c. nicotine, and sometimes with less percentages, though 
the fall continues for a time (varying greatly in different muscles), it is 
arrested before the base line is reached by a second rise, to be described 
presently. In Fig. 3 a marked example is given of this form of curve. 

As the weight which the muscle has to raise is increased, the rate 
and extent of the fall of the curve is increased. In Fig. 4 an example 
is given of the curve with 1 pc. nicotine, when the weight was 
increased by 5 grams; it will be noticed that this weight was not 
sufficient to extend the muscle to its original length. 

The after-contraction that occurs with the stronger solutions of 
nicotine corresponds with the gradual shrinking of the muscle, which 
has been mentioned (p. 363) as taking place when the muscle is placed 


Fig. 4. Reduced + %. Contraction of sartorias weighted with 75 grams, with 1 p.c. 
nicotine, and nicotine rigor. 


The maximum rise was 1 mm. higher than in the figures and was attained 3 mins. 
later ; it stayed at this maximum for 5 mins. The time of immerson in nicotine was 
30 mins., stimulation with tetanising currents gave then no contraction. 


in nicotine solution without being stretched and which I have called 
nicotine rigor. By the graphic method I have not found this con- 
traction to begin in 1 p.c. nicotine in three hours, in 25 p.c. it has 
occurred in about # hour; in ‘5 p.c. it begins sooner, and with 1 p.c. it 
may begin a minute or two after nicotine has been applied. The general 
form of the contraction is the same in all cases; it is very slow, though 
the rate of course increases with the percentage of nicotine; with 
‘25 pee. it may go on for an hour to an hour and a balf; with 1 peo. 
nicotine it takes 20 to 30 minutes to reach its maximum (cf. Figs. 
4 and 10). 

We have seen by the punctiform method that in the sartorius, 
nicotine of a certain dilution causes tonic contraction in the region of 
the nerve-endings only, and that with a certain not inconsiderable 
increase of strength the remainder of the muscle is also thrown into 


tonic contraction. Consequently we might expect to find in the graphic 
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records, on increasing the strength of nicotine, that there would be first 
a series of increasing contractions due to increasing stimulation of the 
regions of the nerve-endings; then that the height of the contractions 
would remain approximately stationary; lastly, that there would be 
a second series of increasing contractions due to increasing stimulation 
of the general muscle substance. A comparison of the curves obtained 
in different sartorii by increasing percentages of nicotine does not, 
however, show any distinct plateau between two series of rising curves; 
they suggest rather a continuous increase, with exceptions due to 
variations in the irritability and contractile force of the different 
muscles, This I take it has several causes, amongst others, the different 
size and irritability of the sartorii experimented on, and the scattered 
position of the nerve-endings in the muscle so that in a considerable 
portion of the muscle the fibres are bent on themselves by the 
contraction of the nerve-endings. 

When however solutions of nicotine of increasing percentage are 
applied successively to the muscle, evidence is obtained of the 
presence of two substances causing tonic contraction on stimula- 
tion. After about 01 p.c. nicotine, nicotine of a considerably 
greater percentage (about I p.c.) has little or no effect; 25 p.. 
causes a trifling contraction, 5 p.c. causes distinctly more, and 
1 p.c. causes a good contraction. The details of the curves vary 
in different muscles, The experiments of which tracings are 


Fig. 5. Reduced +4. Contractions of sartorius on successive immersion in nicotine 
solutions of increasing percentage. Each nicotine solution was applied for 2 mins., 
and there was an interval of 1 min. between running off one solution and pouring in 
the next. At D, the lever was depressed for a moment. At i.c. the stimulation was 
with an interrupted current; another similar contraction was obtained 2 mins. later, 
and then the irritability rapidly disappeared. 

given in Figs, 5 and 6 were conducted in a somewhat different way, but 


this is only to a slight extent responsible for the differences of detail 
shown in them. 


In the exp. of Fig. 5, all the fluids used were cooled to 10°C. The 
important point in it is that after 01 p.c. nicotine, 1 pie. causes no 
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contraction, but both 5 p.c. and 1 p.c. do. One of the details shown is 
that 001 p.c. causes no contraction; this was not in this case due to the 
cooling, since the sartorius of the opposite side treated in the same way, 
except that the solutions were not cooled, was also unaffected by ‘001 p.c. 
nicotine. | 

In the experiment in which the solutions were not cooled, the contractions caused by 
‘01 p.c. and by 5 p. c. nicotine were slightly greater, that caused by 1 p.c. was considerably 


greater; further 1 p.c. caused a just appreciable contraction. Apparently then cooling 
reduces the response of the muscle to nicotine. 


Fig. 6. @ and b. x4. Contractions of sartorius on successive immersion in nicotine 
solutions of increasing percentage. Nicotine applied as in Exp. of Fig. 5. After each 
nicotine application the muscle was. stimulated with M and B shocks, and the lever 
then depressed for a moment a little below the base line (at D). The secondary coil 
was at 8 throughout except in the last stimulation shown. After this, stimulation 
with an interrupted current for 5 secs. caused a large rise with contracture like that 
shown in Fig. 5; subsequent stimulation had very little effect. 
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In Fig. 6, O1 p.c. nicotine caused a good contraction, I p.c. had, as in 
Fig. 5, no effect, or but a mere trace; there was a slight effect with 
‘25, a greater with 5, and a good contraction with 1 p.c, nicotine, 

These results, combined with those already described in previous 
sections, show, I think, that three tonic contractions are to be distin- 
guished in the effect of nicotine on the sartorius. (1) A contraction 
limited, or approximately limited, to the region of the nerve-endings 
produced by nicotine solutions up to about 1 pc. (2) A contraction 
in the general muscle substance produced by 1 p.c. nicotine and to a 
diminishing degree by less percentages down to about ‘1; this is 
obtained by itself after not too brief application of the diluter solutions. 
(3) A slower and more gradual contraction, the nicotine rigor, the 
time of onset and development of which depend on the percentage of 
nicotine. 

The twitchings caused by dilute nicotine have, very rarely, produced 
much effect on the tracing by the method I have described. Indeed 
the only marked case in my experiments by this method is that given 
in Fig. 5. With a nearly counterbalanced lever, and with very slight 
pressure on the writing point, the twitchings are obvious on the tracing. 


I have made two experiments on the hyo-glossus muscle with successive immersions in 
nicotine of increasing percentage in the manner described above. The curves were in 
general similar to those obtained with the sartorius. There were some minor differences : 
(a) the relaxation with -01 p.c. nicotine was less complete, (b) the contraction with 
(subsequent) 1 p.c. nicotine was much more gradual, (c) the rise in nicotine rigor was 
relatively less, and the irritability disappeared more slowly. 


I may note that the contraction with I p.c. nicotine may be obtained 


in approximately normal form in sartorii which have been for a day 


or more in NaCl 6; but at some period, and occasionally in 24 hours, 
the irritability to nicotine is greatly reduced at a time when single 
induction shocks cause good contraction ; though 1 p.c. nicotine causes 
contraction in nearly the normal manner. 


In the four similar experiments I have made with the coraco-radialis or flexor carpi 
radialis, the irritability to nicotine was much more reduced by a day's stay in NaCl ‘6 but 
so also was the irritability to induced shocks. 

I have tested the effect of nicotine on the irritability of the sartorius 
by stimulating it with make and break induction shocks before, and at 
various periods after, giving nicotine’. A percentage of nicotine which 
does not cause contraction has for a considerable time little or no effect 


If the induction shocks stimulate the nerve fibres in the muscle as well as the muscle 
directly, so as to give a summated contraction, a decrease of the height of contraction 
would be caused, at a certain stage of nicotine action, by the abolition of the nerve effect. 
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on the height of contraction obtained by induction shocks, A percentage 
of nicotine which causes contraction always decreases the effect of sub- 
maximal induction shocks. I have not found that the extent of the 
decrease differs much with percentages of nicotine up to about 1 pe. 
(cf. Fig. 1 and Fig. 7). 

Even after 1 p.c. a moderate contraction may be obtained by induction 
shocks (ef. Fig. 7) and a good one by the interrupted current (ef. 
Fig. 6). 


Fig. 7. Reduced +4. Effect of nicotine solutions of increasing percentage on irritability. 
The miuscle was stimulated with make induced shocks. C=6 throughout. ; 
O Muscle in Ringer's fluid. 
3’—Stimulated. 
5’—Nicotine 0-1 p.c. poured into muscle chamber, run off after 1 min. 
‘Nicotine 01 p. e. poured into muscle chamber and run off after 5 mins. 
30’—Nicotine 0-5 p.c. poured over muscle, it caused a rise of 1:5 em. in the curve 
(not given in the figure). 
’—Nicotine 1 p. e. poured over muscle for 1 min. 


The extent of the decrease varies in different muscles, i.e. it depends 
on the condition of the muscles, Examples of a considerable decrease 
are given in Figs. 8 and 9’. ; 

After the primary decrease, there is, with nicotine up to about ‘1 p.c., 
a slow slight increase. This is shown in Fig. 7. 

Subsequently there is a second gradual decrease, due to a progressive 
action of nicotine on the whole muscle substance. The rate of this is 
of course greater when the muscle remains immersed in nicotine 
than when the nicotine is run off, and only the fluid adhering to the 
muscle is allowed to continue the action. 

With the weaker solutions of nicotine, this second decrease in the 
effect of induction shocks usually only occurs to a marked degree after 
several hours. In the experiment of Fig. 8, the muscle was immersed in 

1 It is possible that in these experiments the strength of the current was not kept con- 
stant, for I have not paid special attention to this. 
24—5 
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nicotine, except for short periods of stimulation, for three hours, 


and the irritability (after the primary decrease) was not greatly 


altered by the immersion. 


Fig. 8. x4}. Effect on the irritability of the sartorius of prolonged immersion in -05 p. o. 
nicotine. 


80 twas every fo 8 mins. daring the 
first hour, and every 80 mins, during the remaining time. 

With nicotine 1 p.c. the effect is less slow, but still is slow, as is 
shown in Fig. 7. The rate of depression however varies 
in different muscles; an example of a quicker loss of irri- 
tability is given in Fig. 9. 


Fig. 9. „J. Effect on the irritability of the sartorius of immersion in 1 p.c. nicotine. 
The solution was poured into the vessel surroun the muscle and left for 1 to 


was poured back, and so on for # hr. The muscle was then washed in 
Suid and left in 70 and again stimulated. 


In proportion as the strength of the nicotine is increased, the faster 
is the response to single induction shocks reduced to a slight rise on the 
curve; this slight rise however takes long to abolish ; it is produced so 
far as can be seen by a cathodal contraction which is not conducted 
along the fibre. For these late stages the method of stimulating the 
muscle under the dissecting microscope is preferable (cf. supra, p. 363). 

During the progress of nicotine rigor there is always a great reduction 
in irritability and this soon passes into the stage of cathodal contraction 
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just described ; these however may be obtained after the maximum, or 
very nearly the maximum, height of rigor has been reached. 

Induction shocks sent into the muscle after a nicotine contraction 
and before nicotine rigor commences, nearly always cause a slight after- 
elongation if the curve is above the base line (cf. Fig. 6 after the con- 
traction produced by 1 p.c. nicotine). Some exception to this rule may 
occur after the prolonged action of dilute nicotine as in Fig. 8. The 
after-elongation is in part due to a slight jerk given to the muscle by 
the falling lever, but it is partly I think due to a decrease of tone 
caused by the contraction. On the other hand in nicotine rigor, in- 
duction shocks cause contracture, and in the later stages contraction is 
followed by little or no relaxation, so that with a series of shocks, the 
curve mounts up in a series of steps. 

I have shown elsewhere that 1 p.c. nicotine directly applied has little 
stimulating effect on sympathetic nerve cells, but prevents the normal 
stimulating action of stronger solutions. It has also been noticed with 
several poisons, that the stimulating effect depends upon the suddenness 
of its action, te. upon the rate of its combination. Similarly in the 
case of muscle, if nicotine is applied in gradually increasing percentages, 
beginning with a very dilute solution, little or no contraction is 
obtained with 1 p.c., a trace only with ‘25, rather more with 5, and 
it is only with 1 pc. that a good contraction is obtained. Possibly 
with greater graduation in the percentages than I have used, a greater 
reduction in the effect might be obtained. By gradual action then, 
the substance stimulated’ by the more dilute solutions is paralysed 
without a previous stage of observable stimulation. In this case, the 
decrease of excitability to single induction shocks seems to be less 
than when contraction is caused. 

Ringer's fluid causes a slow restoration of irritability after the 
diluter solutions of nicotine. A favourable case is shown in Fig. 9. 
After the stronger solutions its effect on irritability is very slow, but 
I have not made sufficient observations to give any accurate data. At 
the height of nicotine rigor, Ringer’s' fluid will restore the original 
length of the muscle, sometimes in half-an-hour to an hour, but even 
in a day it has little or no effect on the irritability. 

Fatigue of the sartorius caused by stimulating the sciatic with 
interrupted currents reduces the irritability to nicotine, and broadly 
speaking in proportion to the reduction of electrical excitability. An 
example of the effect is given in Fig. 10; before taking the tracing the 
sciatic was stimulated for a quarter of an hour with an interrupted 

1 The fluid was slightly hypertonic, of. p. 348. 
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current. The three nicotine contractions spoken of above are shown. 
A marked feature in this curve is the relatively considerable after- 
relaxation caused by 1 p.c. nicotine; in the only other such experiment 
made—in which the fatigue was much greater—the 1 p.c. nicotine 
contraction passed almost at once into slow nicotine rigor. 


Fig. 10. a and b. x4. Effect of successive applications of nicotine of increasing per- 
centage to fatigued muscle. The nicotine solutions were poured in at intervals of 

2 mins., each solution being run off after 1 min. At N 1 p.c. nicotine was added 

again, and the drum alternately stopped for 5 mins., and set in motion for 30 sees. ; 

the steps up show the progress of the nicotine rigor. Tracing b continues that of a, 

without the time record. 

The tendon running to the fore arm was tied, the other end of the 
muscle was left attached to the bone. 

The form of contraction curve produced by nicotine in the coraco- 
radialis differs from that produced in the sartorius in the long main- 
tenance of the rise. The duration of the rise varies however . 
in different frogs. 

Fig. 11 shows the quickest rate of fall which has occurred in my 
experiments. The fall is however much slower than in the sartorius, 
and a comparison with the sartorius curves given above shows that an 
approximately maximal contraction is maintained for a longer period. 
A less infrequent form of curve is given in Fig. 13; in this there is 
a fall of only about one-third from the maximum height in 10 mins. 

In Fig. 12 an example is given of prolonged maintenance of the rise 
of the curve. It will be seen that O5 pe. nicotine caused a shortening of 
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the muscle which diminished but little in an hour and a half. In this case, 
the muscle was left immersed in the nicotine, but continued immersion 
is not necessary for the continuance of the shortened state of the 
muscle; in Fig. 14 the nicotine was run off at the end of two minutes, 
and during the time the muscle was left untouched (23 mins.) there 
was a mere trace of relaxation. 

As it seemed possible that the difference in duration might be 
associated with sex, I made a few experiments on frogs, noting the sex; 
in these although the contraction was prolonged in the males, the 


Fig. 11, K. Coraco-radialis muscle; Ist form of nicotine curve. Effect of nicotine 
01 p.c. on irritability, Effect of stretching. 

The muscle was immersed in the nicotine for 2 mins. At D, the drum was stopped 
and the lever was pressed down for a few seconds. A light weight was put on the 
lever at W (to stretch the muscle) and taken off at W’. At R the muscle was washed 
with Ringer’s fluid and left in fresh fluid for 20 mins. The muscle was stimulated with 
induction shocks, and in each instance with the secondary coil at 8. 


Fig. 12. x}. Coraco-radialis muscle; 2nd form of nicotine curve. Effect of nicotine on 
irritability. 

The muscle was immersed in 05 p.c. nicotine for 92 mins, The tracing of the 
first 8 mins. is shown, then a piece after an interval of 8 mins., and another piece 
after an interval of 80 mins. The muscle was stimulated with make and break 
induction shocks ; the position of the secondary coil is shown on the tracing. 
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prolongation occurred also in some females (cf. Fig. 14), so that sex 
cannot be the sole determining factor. One other factor is the weight 
the muscle has to lift; an increase of weight diminishes the height of 
the rise, but has a much greater effect on the rate of fall, so that the 
curve approximates to a sartorius curve. Since however great differ- 
ences in duration occur when the weight is only that of the lever 
(2 grams), I conclude that the response of the muscles varies in 
different individuals’. 

The time taken to reach the maximum height of contraction varies, 
in general, directly as the percentage of nicotine ; but other things being 
equal it is usually a little longer and occasionally much longer than in 
the sartorius. In Fig. 14 the contraction caused by ‘001 p.c. nicotine took 
about 2 minutes to reach its maximum, but it is to be noted that in this 
case the solutions were cooled to 10°C. 

Single induction shocks hasten the fall of the nicotine curve, the 
after-elongation being greater than the rise; an example of this is 
given in Fig. 13. The effect is similar to that which induction shocks 
have on the normal muscle in a state of tone (cf. Fig. 13). When the 
stronger solutions of nicotine have been used, there is contracture and 
the reverse effect is obtained. These effects are similar to those 
obtained with the sartorius (cf. supra). 

If the muscle is stretched in the early part of the nicotine curve it 
shortens quickly for a certain distance when the stretching force is 
removed, and then slowly rises but to a height less than would have 
deen attained but for the stretching. If the muscle is stretched a 
minute or so after the maximum height has been attained, the rate and 
duration of the slow after-rise vary considerably in different muscles, 
but it is in general slight (cf. Figs. 11, 14, and 15), and so far as I have 
seen the total return is always slight at a later stage. It is clear 
in curves like those of Figs. 11 and 15 that a few seconds after 
stretching no contraction is going on in the muscle. It follows then 
that in such cases the contractile force ceases not long after the 
maximum height of contraction has been obtained, and that the 
prolonged shortened state of the muscle is not one of active contraction, 
but is an altered physical condition. This viscous condition I take to 
be due to a combination of nicotine with the muscle substance. 

A striking feature of Figs. 12 and 13, is that the contraction caused 
by nicotine is greater than that caused by induction shocks apparently 
moderately strong. The cause of this I shall consider later in speaking 
of the contraction of the m. flexor carpi radialis. 


? In all the figures given, the muscle had to pull against the weight of the lever only. 
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The coraco-radialis muscle although it is about half the length of 
the sartorius gives as a rule a greater contraction with ‘001 p.c. nicotine, 
and so far as my experiments go, it responds to more dilute solutions 
than the sartorius does. 

Successive application of nicotine of increasing percentage to the 
muscle shows, as does the form of the nicotine contraction, that the 
musele varies in different individuals. In some cases it gives no 


evidence thrt 5 and 1 p.c. nicotine cause a special contraction; since 


big. 13. Reduced +4. Coraco-radialis muscle. Rate of fall in first form of nicotine 
curve. Effect of stimulation, of Ringer’s fluid and of re-application of nicotine. The 
muscle was immersed in 01 p.c. nicotine for 1 min. After 3 mins. the drum was 
stopped for intervals of a minute, the muscle being stimulated with make and break 
induction shocks of increasing strength during the latter part of the time. At R the 
muscle was left in Ringer's fluid for 5 mins. and at R for 10 mins. The muscle was 
then left in nicotine 01 p.c. for successive periods of 2, 5, and 10 mins. The lower 
tracing follows on from the upper one. In the lower tracing the secondary coil was at 

0 throughout, 


this is the rule in the flexor carpi radialis, it will be dealt with in 
considering this muscle. In other cases, as in the sartorius, contraction 
is caused by the diluter and by the stronger solutions but not by the 
intermediate ones, i.¢. there are two contractions, one caused by stimu- 
lation in the region of the nerve-ending, and one caused by stimulation 
of the general muscle substance. In Fig. 14 a tracing of an experiment 
made by this method on a female frog is given. 

Each solution of nicotine was applied for 2 minutes; after ‘001 p.c. 
nicotine an interval of 15 mins. was allowed in order to determine the 
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form of the curve, after the others the interval was 1 min. Half a 
minute before applying each nicotine solution, the lever was gently 
pressed down to the base line, thus a portion of the curve of spon- 
taneous rise was obtained. It will be seen that a contraction was not 
obtained with 1 p.c. micotine, but was with 001, 01, 5 and 1 p.c. 


Fig. 14. Reduced +4. Coraco-radialis muscle. Female Frog. Successive application 
of nicotine of increasing percentage. 

All the solutions were cooled to 10°C. The tracing runs continuously except for 
the piece cut out. Each of the nicotine solutions was applied for 2 mins. ; the interval 
between applying two successive solutions was 1 min., except between 001 p.c. and 01 
p. ., in which it was 15 mins. Thirty seconds before applying nicotine, the lever was 
depressed to the base line. At the end, the muscle was first stimulated with make 
and break induction shocks, and then with the interrupted current. 


Fig. 15. Coraco- radialis muscle. Nicotine 005 p.c. for 2 mins. Muscle stimulated with 
secondary coil at 10, D, muscle depressed for a few seconds. At 9 mins., muscle 
washed with Ringer's fluid, and left in more of the fluid for 15 mins. 


The general phenomena of nicotine rigor resemble those in the 
sartorius, but the degree of shortening produced by it is relatively 
slight; the extent of shortening is much the same as in the m, flexor 
carpi radialis and a tracing of it will be given in considering this muscle. 
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In the coraco-radialis, as in the sartorius, the nicotine contraction 
reduces the height of the contraction obtained by sub-maximal induction 
shocks. With the diluter solutions, the effect is as a rule not very 
great (cf. Fig. 11 and Fig. 15). In one or two cases there has been 
(apparently) a considerable reduction of irritability. Thus in Fig. 13, 
10 minutes after applying 01 p.c. nicotine, induction shocks (C =8), 
which previously caused contraction, had no effect, and even with’ the 
secondary coil at 0, a slight contraction only was obtained. One might 
be inclined to attribute the greater loss of irritability in this case to the 
longer interval between applying nicotine and stimulating the muscle 
(cf. also Fig. 12), but for the subsequent course of the experiment. 
After partial recovery in Ringer's fluid, ‘01 p.c. nicotine applied for 
successive periods of 2, 5, and 10 mins. caused no reduction in the 
height of the contraction, it was followed indeed by a slight increase 
(cf. Fig. 13). Nicotine 1 p.c. greatly reduces the height of the contrac- 
tion produced by induction shocks, but the interrupted current will for 
some time still cause a good contraction, though followed by great 
contracture (cf. Fig. 14). 

The height of the contraction produced by an induction shock after 
the maximum nicotine shortening is largely, though not entirely, inde- 
pendent of the length of the muscle. Usually perhaps an induction 
shock causes a rather higher contraction in the extended than in the 
nicotine-shortened muscle, but the difference is not in correspondence 
with the different levels from which the contractions start. That the 
latter factor has not a predominant influence is shown by Fig. 12, in 
which the make and break shocks have a less effect in the extended 
than in the shortened muscle. 

Ringer's fluid gradually restores the electrical irritability of the 
muscle after the diluter solutions of nicotine have been used. In 
Figs. 11 and 15, the muscle was soaked in Ringer's fluid for about 
20 minutes and the original response to induction shocks approximately 
obtained. In Fig. 18, soaking in Ringer’s fluid for 5 mins. had little 
effect, but after a further 10 mins. there was some increase in the height 
of the contraction. It will be noticed in Fig. 13 that the restoration of 
the irritability to nicotine was very slight. Ringer's fluid also causes a 
slow relaxation of the nicotine contraction, and, as in the sartorius, it 
does this when it does not restore the irritability. 
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SUMMARY. 

The twitching and slow tonic contraction caused by nicotine in the 
striated muscle of the frog are caused to different extents in different 
muscles. The sub-maxillary muscle, the transverse and oblique 
abdominal muscles, the flexor muscles of the fore limb, the flexors and 
extensors of the toes, the muscles of the hind limb, the flexors of the fore 
limb, and the rectus abdominis give different and characteristic reactions, 
and there are minor differences in the members of the classes to which 
these muscles belong. The differences consist in responsiveness to 
nicotine, character and number of the twitchings, and extent of the tonic 
contraction. In the rectus abdominis muscle twitchings are less 
common than in any other muscle. The percentage of nicotine required 
to produce an effect varies greatly according to the condition of the 
frog. 001 p.c. has an effect on the sartorius of an active summer frog, 
whilst 1 pie. may be required in a torpid winter one. 

Cessation of the circulation and fatigue abolish the twitchings caused 
by nicotine, before they abolish the slow tonic contraction. The 
sartorius placed in ‘01 to 1 p.c. nicotine often retains for some time two 
local swellings in the regions which contain the majority of nerve- 
endings. The character and extent of the response to nicotine in 
different parts of a muscle fibre can be determined by applying small 
drops to the surface of a muscle. 

The twitchings are rarely if ever produced except from the region of 
the nerve-endings. 

The slow tonic contraction is produced much more readily in the 
region of the nerve-endings than elsewhere. In the sartorius 001 p.c. 
nicotine may produce an effect in the nerve-ending region, at a time 
when it requires 5 to 1 p.. nicotine to produce an effect elsewhere. The 
relative efficiency of nicotine as a stimulus to the neural and non-neural 
regions of a muscle fibre varies in different muscles. 

In the sartorius in a certain state of diminished irritability, the tonic 
contraction produced by a percentage of nicotine which does not stimu- 
late the non-neural region, is confined to the part immediately beneath 
the nerve-endings. In the more irritable state, there are indications of 
an outspread of the contraction a little beyond the limit of the nerve- 
endings, but the folding of the fibres caused by the stronger contraction 
makes it difficult to be certain of this, 

In certain conditions in a muscle with diminished irritability there 
are indications that the tonic contraction is not equal throughout the 
transverse diameter of the fibre. 

The tonic contraction in the sartorius caused in the non-neural region 
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by 1 pee. nicotine is so far as can be seen confined to the portion of the 

fibres to which nicotine is applied; the fibres become folded indicating 
an unequal action on their constituents. The irritability at the extreme 
ends of the fibres is less than elsewhere. 

| In the rectus abdominis muscle, nicotine applied to any part causes 

a shortening of the fibres and a ridge at each tendinous end, implying 

a conduction of the tonic contraction throughout the muscle fibres. 
There are similar but less satisfactory indications of some conduction in 
the flexor muscles of the arm. 

The stimulus set up by nicotine whether causing twitchings or tonic 
contraction never produces any twitchings or contraction in adjoining 
fibres, te. the terminal nerve branches either are not stimulated or do 
not conduct in both directions. 

Tracings have been taken of the contraction produced by nicotine in 
the various classes of muscles; in this paper two muscles only are dealt 
with, the sartorius and the coraco-radialis. 

In the sartorius, nicotine 001 p.c. usually causes a slight but only 
a slight contraction ; 005 p.c. has a more marked effect and this effect 
increases, though not proportionately, with increase of percentage up to 
l pe. The rise of the curve takes about 20 secs., a fall following soon 
after the maximum height has been attained. The rate of fall increases 
with the weight, and decreases with the increase in the percentage of 
nicotine. After 01 p.c. nicotine, 1 p.c. has little or no effect, but an 
increasing height of contraction is obtained on further increasing the 
percentages of nicotine. I conclude that nicotine up to about 1 p.c. 
causes contraction in the region of the nerve-endings only; the higher 
percentages of nicotine, but especially 1 p.c., causes contraction in the 
rest of the muscle substance. When the percentage of nicotine is very 
slowly increased, no rise in the tracing is obtained up to about ‘1 p.c. 
(and possibly higher percentages); similarly 1 p.c. nicotine may cause no 
contraction in a muscle which has been in NaCl 6 for 24 to 36 hours; 
in these and other cases the substance normally stimulated by the 
diluter nicotine solutions is gradually put out of action. 

Nicotine reduces the height of the contraction obtained by stimula- 
ting the muscle with sub-maximal induction shocks ; with the weaker 
solutions it is probable that this is chiefly due to a decrease in 
conductivity and irritability in the region of the nerve-endings. 
Prolonged immersion in nicotine reduces, and gradually abolishes the 
irritability of the muscle; this action is very slow with the diluter 
solutions; it increases rapidly with solutions above 1 p.c., with the 
stronger solutions at any rate it is accompanied by a slow contraction 
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which I have called nicotine rigor. The shortening of the muscle in 
rigor may go on for an hour and a half in ‘25 p.c. nicotine, it usually 
goes on for about half an hour in 1 p.c. nicotine. At approximately 
the maximum height, slight local contractions can still be obtained by 
induction shocks, and a greater contraction by tetanising currents ; 
commonly a marked tetanic contraction can only be obtained once, the 
fibres being probably ruptured. 

Ringer's fluid restores irritability though slowly after the diluter 
solutions of nicotine ; it causes elongation in nicotine rigor but has then 
little if any effect on the irritability. 

The coraco-radialis muscle is more responsive to 001 p.c. nicotine 
than the sartorius. The contraction produced by nicotine, of whatever 
strength, is much more prolonged than that of the sartorius; the 
duration varies in different cases, but there may be hardly any relaxa- 
tion in an hour to an hour and a half. The actual ‘contraction is 
however comparatively soon over, and the absence of relaxation is due 
to a greater viscosity of the muscle substance. 

Successive application of nicotine solutions of increasing percentage — 
affords evidence in some cases that the dilute solutions of nicotine cause 
contraction by stimulating the neural region of the muscle, and that the 
stronger solutions cause contraction by stimulating the general muscle 
substance. The ratio of the height of the latter contraction to the 
former is however relatively less than in the sartorius. In other cases no 
further contraction is caused by the stronger solutions. Since this is the 
normal condition in the flexor carpi radialis and rectus abdominis 
muscles, the question raised by the _ will be considered later under 
the head of these muscles. 

The shortening of the muscle in nicotine rigor is much less than in 
the sartorius. The effect of nicotine on irritability is in general similar 
to that which it has in the case of the sartorius, but for a given 
percentage of nicotine, the rate of reduction of irritability appears to be 
greater. 

The general bearing of the results of this paper on the theories 
mentioned in the introduction, will be best deferred until an account 
has been given of some further facts. A further theory i is suggested by 
the results, viz. that the normal tone of muscles is maintained by an 
action on the special substance which causes prolonged contraction when 
stimulated by nicotine, that in some cases this tone may be restricted to 
the neural region of the muscle fibre, and that the tone is produced by a 


constant and not by an interrupted electric current (or stimulus) passing 
down the nerves. 
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WAVE-LIKE VARIATIONS IN MUSCULAR FATIGUE 
CURVES. By C. T. SYMONS, BA. (Oxon). 


(From the Wellcome Physiological Research Laboratories.) 


From time to time there have been noticed in muscular fatigue 
curves certain oscillations of the summit line, for which no definite 
reason could be assigned. The present work was undertaken in conse- 
quence of the accidental discovery of a means by which such oscillations 
could be produced at will. 

When the work had been practically completed it was noticed that 
Robert Müllers, following Wedenski, had observed certain variations, 
somewhat similar to the present ones, in frogs’ muscle fatigue curves, 
when short periods of tetanus were used. No other reference has been 
found in the literature on the subject to any similar phenomenon in 
fatigue curves. 

Method. In most cases the gastrocnemius muscle of the frog was 
used, The animal was pithed. A pin was passed through the knee- 
joint and formed one of the electrodes, and also served to fix the muscle 
to the frog-board. The other electrode consisted of a very fine flexible 
copper wire, sewn through the tendo Achillis ; this gave perfect freedom of 
movement to the lower end of the muscle. A thread was tied to the 
tendon, and passed round the larger wheel of a vulcanite pulley lever ; 
the weight was hung on a smaller wheel on the same axle. In this way 
the tension on the muscle was very approximately constant at each stage 
of the contraction and relaxation. 

If the muscle was to be treated as isolated, the femur and overlying 
muscles were cut through and the tibio-fibula also severed a short 
distance below the knee-joint, leaving the gastrocnemius muscle alone 
covered with a “trouser” of skin. 

If the muscle was to be left in the “circulation,” the foot was 
fastened by passing a pin through it into the frog-board. The lever was 
not supported, and usually the whole tension on the muscle, including 

1 Robert Miller. Pfliiger’s Arch. cvu. p. 297. 
Pll, XXXVI. 25 
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the weight of the lever, was 20 grins, and the magnification about 15 
times; the reduction of the figures is given in linear measurement. 

In most cases one dry cell (about 1°3 volts) was used for the electrical 
stimulation. Break induction shocks at regular intervals were obtained 
by means of a Brodie sector interrupter’, rotated by an electric motor. 
From this the secondary wires led to a du Bois key, which could be used 
to short circuit the stimuli, when necessary. The induction coil was of 
the ordinary type. 

By these means it was possible to obtain a series of stimuli of the 
same intensity and at regular time intervals, which could be varied at 
will. An uninterrupted series of contractions of a frog’s gastrocnemius — 
muscle under such conditions with constant temperature, showed a very 
smooth, regular, summit line. 

When any experiment was made under special temperature con- 
ditions, the requisite temperature was maintained by arranging the 
muscle in a cardboard box, waxed with paraffin, and warmed inside by 
means of water flowing through glass tubes: a small hole allowed the 
thread to pass out to the lever. A similar arrangement was used when 
the experiment was to be made with gases other than air, a stream of 
the gas being driven into the box more than sufficient to counteract any 
escape of gas or inlet of air at the hole where the thread passed out to 
the lever. 

The phenomenon in its most typical form is seen when a muscle is 
stimulated directly with break induction shocks, interrupted at regular 
intervals. With stimuli at the rate of about 20 per minute and short- 
circuiting of 6 stimuli after each period of 30 efficient maximal stimuli, 
whilst the muscle is still fresh and unfatigued, the first contraction after 
a pause is smaller than the last one before the pause, and during the 
period of excitation the summit line gradually rises. But after the 
top of the ordinary treppe has been reached, i.e. after about six such 
periods of excitation, the first contraction after a pause becomes somewhat 
larger than the last one before the pause; then the summit line dips 
down slightly and then rises again. After this at each successive period 
of excitation the initial height after a pause becomes more marked, and 
there is not only one trough, but crest and trough succeed one another 
in gradually decreasing size whilst the excitation continues. 

During the subsequent periods of excitation the first “ wave grows in 
comparison with succeeding ones until eventually when the muscle 
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is much fatigued, the initial increase in height and the first wave alone 
are visible. 

During the latest stage of fatigue, the only evident effect of the pause 
is the initial increase. 

One experiment given in detail will suffice to give some idea as to 
the time relations (Fig. 1): gastrocnemius muscle in circulation, arrange- 
ment as described above; break induction shocks at intervals of 26 secs. 
giving maximal contractions ; recorded on slow-moving drum ; six stimuli 
short-circuited after each period of 30 contractions. Twelve prelimi- 
nary contractions recorded to determine adjustment; then proper 
record started, 

lst Period. The summit line is rising slightly; base line falling 
rather more rapidly ; rapid contraction and relaxation. 

2nd Period. First contraction somewhat smaller than last of 1st 
period ; summit line rising; base line still gradually falling; contrac- 
tions rapid. 

3rd Period. Same as 2nd period; but rise in summit line less 
marked ; relaxations becoming slower at end of period. 

Base line falls slightly during interval. 

4th Period. Summit line practically level; relaxations becom- 
ing somewhat slower. Base line falls distinctly during interval. 

5th Period. First contraction still somewhat smaller than last one 
of previous period ; summit line rises at first but towards the end of 
the period commences to fall slightly; marked slowing of the end of 
relaxations, 

Base line fall during interval is becoming more marked. 

6th Period. First contraction is slightly larger than last before 
interval; gradual fall during first four; after fourth there is a 
slight rise and then a gradual fall till the end of the period; end of 
relaxations slow. 

7th Period. First contraction markedly higher; gradual fall to 
4th, which is the smallest ; then gradual rise for four; then a more 
gradual fall. 

8th Period. The initial height after rest and the gradual fall to the 
4th summit are more marked, but after the next rise there is a second 
smaller fall and rise. 

9th Period. Initial height becoming more marked, as also the fall 
to 4th summit; and four subsequent rises with intervening falls are 
noticed, the last crest being reached at the 30th contraction. 
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| 10th Period. Same as 9th, except that the waves are still more 
marked. 
11th Period. Excitation continued for 33 contractions, the initial 
height has become very marked, the waves are slightly slower than 
| during earlier periods; the base line shows some variation due to con- 
traction remainder. 

12th Period. Initial height is still more marked; the waves grow 
markedly smaller after the first one. 
13th Period. Excitation continued for 55 contractions ; initial con- 


traction is 29 mm. in height, whereas the fifth is only 14 mm., the 
largest of the whole series produced by the muscle being 40 mm. The 
: gradual subsidence of the waves is also marked, the fifth crest being 
only just visible. 

14th Period. Large initial contraction, but all waves are very small; 
the general height of the summit line is constant. 

15th Period. The size of the initial contraction is still remarkable; 
but the waves have almost completely disappeared. Record stopped. 

The muscle from the opposite leg of the same frog was subsequently 

| prepared and stimulated in exactly the same way by the same apparatus 
but no pause was made until 365 contractions had been recorded. At 
this time the summit line had fallen considerably (Fig. 2) and there 
was the usual slowing at the end of relaxation, leaving some contraction 
remainder. The summit line had so far shown no rapid variations. At 
this stage a pause was made for a period of six stimuli. After renewal 
of excitation the initial contraction was 32 mm., whereas the last one 
before the pause was 24 mm. The subsequent waves were produced as 
in the other muscle, four crests being visible, showing gradual decrease 
in size. After the fourth, which was very small, the summit line again 
became smooth and gradually sank. 

Thus if instead of the pause being repeated, the excitation be con- 
tinued without further interruption when once the waves are produced, 
it is seen, as in Fig. 2, that the waves gradually become smaller and 
disappear ; but a second pause will evoke them again. 

Fig. 3 shows a smal! portion of an interrupted curve, giving waves in 
greater detail. In certain cases of curves which have been interrupted 
for short periods at regular intervals, the base line, during the short- 
circuited periods, rises at first, and later in the fatigue becomes hori- 
zontal, and then, still later, gradually falls. The waves in these cases 
begin to appear at the time when the base line during rest begins to fall, 
and become more pronounced when the fall becomes more rapid. 
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The independence of the phenomenon from any possible rhythmical 
changes in the exciting stimuli is shown by interposing a corresponding 
muscle for short-circuiting purposes, instead of using the du Bois key; 
and also by recording the contractions of two muscles at different 
temperatures, stimulated in series. In the second case, as will be seen 
later, the waves are produced at different rates in the two curves. 

Interference with the circulation appears to have no effect on the 
production of the waves, since experiments with a pair of muscles, one 
in circulation, and the other isolated, give results which resemble one 
another in almost every detail. 
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Fig. 3. Small portion of curve produced under similar conditions to those in Figs. 1 and 2. 
Fig. 4. Frog’s gastrocnemius in circulation : indirect excitation by means of the 
sciatic nerve: other conditions as in Fig. 1. 


It was next shown that the waves could be produced equally well 
after sufficient curare bad been administered to paralyze the nerve- 
endings completely: thus the phenomenon is certainly muscular or is 
shown by some structure which is peripheral to the seat of curare-action, 
though, as before mentioned, it can be evoked during excitation of the 
muscle through the nerve. This latter method does not however yield 
good results, as it has not been found possible to obtain the necessary 
regularity in the summit line, owing probably to variations in the 
nerve or nerve-ending. Fig. 4 however shows an exceptionally good 
result obtained with indirect excitation. 

In view of the results with curare it was considered unnecessary in 
subsequent work with direct excitation to administer this drug. 

A considerable number of experiments were made with the 
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conditions as in Fig. 1, 1. with stimuli at the rate of about 20 per 
minute and a pause for a period of six stimuli. But such a pause and 
such a rate of stimulation are not essential. If only one stimulus 
be omitted, the waves are quite evidently shown (Fig. 5) without 
appreciable alteration of wave leugth. 


Fig. 5. Isolated frog’s gastrocnemius; direct stimulation; stimuli short-circuited for 
different periods as marked. 


Fig. 6. x4. Isolated frog’s gastrocnemius; direct stimulation ; position of secondary 
coil as indicated, the numbers giving the distance in cm. between secondary and 
primary coils; the intervals at 10 cm. represent sub-maximal contractions ; those at 
4 cm. were maximal when the muscle was fresh. 


This method of pauses provides the muscle with time for recovery 
between each active period, and as the contractions during activity were 
maximal, it was thought that, by replacing the pauses by periods of sub- 
maximal contractions, the waves could still be produced. This was 
shown to be the case, and not only did the waves appear during the 
maximal periods, but also showed signs of appearance during the sub- 
maximal periods (Fig. 6). An attempt to carry through the whole 
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fatigue with sub-maximal stimuli and to produce the waves by pauses in 
such a series was unsuccessful, as it was found impossible to maintain a 
regular summit line, the irregularities being presumably due to variations 
in the actual musole fibres which were excited and so fatigued, some 
being involved in the case of one stimulus and escaping at the next. 
Furthermore, if, instead of pauses, the weight lifted by the muscle be 
reduced for definite periods, waves appear in the summit line at the 
usual stage of fatigue both during the light and the heavy work periods, 
but tend to disappear first from the former (Fig. 7). 


Fig. 7. Isolated frog’s gastro¢nemius; direct stimulation at intervals of 2°5 secs. ; con- 
tractions maximal; periods of 30 contractions with load of 20 grins. between similar 
periods with load of 8 grms. 


In the above cases an alteration in the amount of work done by the 
muscle in a definite time evoked the summit line variations. 

If the same alteration be made by increasing the number of 
contractions in a definite time, the same effect is produced. For 
example, if one minute periods of stimuli at intervals of 1:1 sec. be 
alternated with one minute periods of stimuli at intervals of 21 secs., 
waves appear on the summit line at both rates of stimulation, varying 
in wave length, as will be seen later, with the rate of stimulation 
(Fig. 8). 

From the fact that in these cases the waves appear on the summit 
line of both periods, it was natural to conclude that the mere alteration 
from one rate of work to another, without return to the original 
rate, was sufficient to evoke the waves, and on experiment this was 
found to be the case. A muscle was fatigued with a weight of 15 grms. 
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until the stage was reached when waves could be produced if a pause 
were made; then a 10 grm. weight was removed and the muscle was 
allowed to contract with the lighter load. Waves at once appeared in 
the summit line. 

This fact, that mere alteration from one condition to another is 
sufficient, may perhaps account for the occasional occurrence of the 
waves on the summit line of a fatigue curve produced under apparently 
constant conditions. It seems possible that at a late stage in the fatigue 
an unnoticed alteration takes place in the rate of stimulation and so 
evokes the variations, 


| 


Fig. 8. „. Isolated frog’s gastrocnemius; direct maximal stimulation; periods of 
stimulation at intervals of 2°1 secs. between periods at intervals of 1-1 sec. 


It was found rather difficult to ascertain whether mere alteration in 
temperature would be sufficient to produce the variations, since any 
such alteration in the temperature of the muscle itself must be gradual, 
and alteration in the other conditions, to be effectual, must be fairly 
rapid, But evidence was obtained which showed that the momentary 
application of 0°6°/, saline at 40°C. to the surface of the muscle would 
evoke the variations in some slight degree. 

A repetition of Müller's method of stimulation by means of short 
periods of tetanus produced similar results to those obtained by him, 
except that in these cases the wave time was shorter than in his curves. 
This was to be expected since these experiments were done in summer 
at ordinary room temperature, whereas he used cold frogs. He states 
that with warm frogs he was unable to obtain the required result, 
merely obtaining a slight indication. Also for the same reason as 
above he was unable to see more than one or at most two waves, 
whereas with warm frogs several can be produced in succession. 

Under isometric conditions, using an ordinary isometric lever and 
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the usual rate of stimulation with pauses, the waves are again olearly 
shown, though perhaps in a somewhat less marked degree. 

Other muscles of the frog, besides the gastrocnemius, have also been 
used. The gracilis semi membranosus preparation gives the same result 
as the gastrocnemius. But no result has been obtained with sartorius 
or hyoglossus. The former merely gives an initial rise in the summit 
line after each pause. As the heart showed the treppe so clearly it was 
thought possible that a positive result might be obtained with this 
muscle, But no result was obtained with an isolated quiescent ventricle 
preparation from the frog. 

In most of the experiments summer frogs have been used, but the 
variations have also been obtained with muscles from winter frogs in 
March and November. The toad’s gastrocnemius has also been tried. 
In most cases no waves were obtained: but in some cases small slow 
variations appeared, somewhat similar to those obtained with the frog’s 
gastrucnemius under isometric conditions. These variations with toad’s 
muscle, when obtained, were influenced in the same way by temperature 
as those obtained with frog’s muscle. The toad’s sartorius did not give 
any evident signs of the variations. 

Certain mammalian muscles have been tried; guinea pigs and rats, 
under urethane or pithed, were used. But it was found somewhat 
difficult to get a smooth summit line. However, in one case, with a 
gastrocnemius muscle from a pithed rat, fatigued in the usual way, 
definite traces of waves were obtained. 

The best results were always obtained by using the „„. 
of the frog und the method of pauses. Hence these means have been 
used to investigate in greater detail the production of the waves in 
relation to temperature, rhythm, and various reagents. 

With constant temperature, tension and rate of stimulation, the time 
for one wave-length is approximately constant for each particular stage 
of the fatigue curve. There is a considerable tendency for the waves to 
become slower in the later stages of fatigue, especially when the muscle 
is under abnormal conditions such as an atmosphere of carbon dioxide. 

With increasing temperature the wave-time decreases, until at about 
30°C. no waves can be evoked. The following figures are from some 
experiments in which the temperature variations were carefully 
measured, the initial wave after a pause being the only one reckoned 
in each case. 

From the figures given it will be seen that for any particular rate of 
stimulation the wave - time decreases as the rises. 
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TABLE I. Variations in wave time at different temperatures ; 
teolated gastrocnemii of frog. 


Temperature C. 
No. “ie a Wavedime 
L — 2 10°4 secs. 
‘3. ‘Wd — 2°6 16—18 
g. 190 — 2°6 about 
9 — 14° 2-6 21—23 
5. — 18°5 2-6 26—28°5 
6. 24°5 223 17 112—14·˙6 
22°2 19°5 17 12•9—16˙3 
8. 24 21°5 13 9°6 
9. 21 18°5 13 11-7 


If, however, the temperature be kept constant and the rate of 
stimulation altered, the wave-time appears to increase with an increase in 
the interval between the stimuli and decrease when the stimuli become 
more frequent. The figures given are as accurate as it was found 
possible to make them, but in estimating the position of the top of the 
crest it is not possible in most cases to say that it is exactly at the 
time of some particular contraction, and it seems more accurate to say 
that it is between some two or three contractions, and to take the mean 
time. 
In this case two isolated gastrocnemii were taken from the same frog 
and stimulated in series. No. 1 was in a box warmed to 24˙5˙ C., giving 
a temperature under the skin of 22°C., and No. 2 was in air at room 
temperature 21°5° C. and skin temperature 19° C. 


TABLE II. Variations in wave-time with different intervals between the 
stimuli ; isolated gastrocnemii in series ; No. 1 at 22° C. No. 2 at 19° C. 


Intervals Wave-time Wave-time 

between stimuli No. 1 No, 2 

1°26 3008. 9°7 secs. 14˙ secs. 

2°55 18°8 17°4 

15°2 21-2 

1°25 97 13-9 

2°55 12°38 16°4 

3˙8 15°2 19°0 

2°55 11°8 15°6 

1°25 84 13°5 


A number of experiments have been made in which the muscle was 
made to contract in various gases, namely oxygen, hydrogen, and carbon 
dioxide. In all cases the waves appeared as usual. With oxygen 
fatigue was delayed so that it was necessary to carry on the stimulation 
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the usual rate of stimulation with pauses, the waves are again clearly 

shown, though perhaps in a somewhat less marked degree. 

Other muscles of the frog, besides the gastrocnemius, have also been 
used. The gracilis-semi-membranosus preparation gives the same result 
as the gastrocnemius. But no result has been obtained with sartorius 
or hyoglossus. The former merely gives an initial rise in the summit 
line after each pause. As the heart showed the treppe so clearly it was 
thought possible that a positive result might be obtained with this 
muscle, But no result was obtained with an isolated quiescent ventricle 
preparation from the frog. 

In most of the experiments summer frogs have been used, but the 
variations have also been obtained with muscles from winter frogs in 
March and November. The toad’s gastrocnemius has also been tried. 
In most cases no waves were obtained: but in some cases small slow 
variations appeared, somewhat similar to those obtained with the frog’s 
gastrucnemius under isometric conditions. These variations with toad's 
muscle, when obtained, were influenced in the same way by temperature 
as those obtained with frog’s muscle. The toad's sartorius did not give 
any evident signs of the variations. 

Certain mammalian muscles have been tried; guinea pigs and rats, 
under urethane or pithed, were used. But it was found somewhat 
difficult to get a smooth summit line. However, in one case, with a 
gastrocnemius muscle from a pithed rat, fatigued in the usual way, 
definite traces of waves were obtained. 

The best results were always obtained by using the 3 
of the frog und the method of pauses. Hence these means have been 
used to investigate in greater detail the production of the waves in 
relation to temperature, rhythm, and various reagents. 

With constant temperature, tension and rate of stimulation, the time 
for one wave-length is approximately constant for each particular stage 
of the fatigue curve. There is a considerable tendency for the waves to 
become slower in the later stages of fatigue, especially when the muscle 
is under abnormal conditions such as an atmosphere of carbon dioxide. 

With increasing temperature the wave-time decreases, until at about 
30°C. no waves can be evoked. The following figures are from some 
experiments in which the temperature variations were carefully 
measured, the initial wave after a pause being the only one reckoned 
in each case. 

From the figures given it will be seen that for any particular rate of 
stimulation the wave-time decreases as the temperature rises. 
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TABLE I. Variations in wave time at different temperatures ; 
teolated gastrocnemit of frog. 


Temperature C. 
— — Interval between 
No. Air Skin stimuli Wave-time 
1. 25° — 2. 10°4 secs. 
2. 20 — 2°6 16—18 

8. 190 — 2°6 about 18°2 
4. — 14° 2-6 21—23 

5. — 13°5 2-6 26—28°5 

6. 24 ˙5 17 11-2—14°6 

7. 22°2 19°5 17 12-9—16°3 

8. 24 21°65 1°3 

9. 21 18°5 13 11-7 


If, however, the temperature be kept constant and the rate of 
stimulation altered, the wave-time appears to increase with an increase in 
the interval between the stimuli and decrease when the stimuli become 
more frequent. The figures given are as accurate as it was found 
possible to make them, but in estimating the position of the top of the 
crest it is not possible in most cases to say that it is exactly at the 
time of some particular contraction, and it seems more accurate to say 
that it is between some two or three contractions, and to take the mean 
time. 

In this case two isolated gastrocnemii were taken from the same frog 
and stimulated in series. No. 1 was in a box warmed to 24°5° C., giving 
a temperature under the skin of 22°C., and No. 2 was in air at room 
temperature 21°5° C. and skin temperature 19° C. 


TABLE II. Variations in wave-time with different intervals between the 
stimuli ; isolated gastrocnemti in series ; No. 1 at 22° C. No. 2 at 19° C. 


Intervals Wave-time Wave-time 

between stimuli No. 1 No. 2 

1°25 secs. 9°7 secs. 14°23 secs. 

2°55 18˙8 17˙4 

15°2 

1°25 9˙7 18 ˙0 

2˙55 12˙3 16°4 

8-8 62 19-0 

2°55 11°8 15°6 

1°25 8˙4 13°5 


A number of experiments have been made in which the muscle was 
made to contract in various gases, namely oxygen, hydrogen, and carbon 
dioxide. In all cases the waves appeared as usual. With oxygen 
fatigue was delayed so that it was necessary to carry on the stimulation 
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for a longer time before the proper stage of fatigue was reached. With 
carbon dioxide the waves appeared early and were at first small and 
rather abnormally rapid. The change in wave-time as the fatigue 
progressed was very marked. No experiment has been made with 
nitrogen, but in Fletcher’s paper’ on the oxygen-exchange of muscle 
during fatigue a tracing is given which shows a record of the contractions 
of a frog’s gastrocnemius in pure nitrogen and there it is quite possible 
to see the first wave. 

Attempts were made to modify the phenomenon by perfusing the 
muscle with various solutions. This was carried out by means of a 
cannula tied into the bulbus arteriosus, the gastrocnemius being left 
in the circulation and made to contract during perfusion. Before 
perfusion the other leg was tied off and its gastrocnemius used as a 
control. 


Fig. 9. x. ‘Isolated maximal stimulation ; 0:1 °/, veratrine 
hydrochloride directly applied to the muscle at points marked with an arrow. 


Perfusion with 0°05°/, paralactic acid in 0°6°/, saline appeared to 
hasten the onset of the waves as compared with the control leg; but 
this was to be expected since paralactic acid induces more rapidly the 
other evidences of fatigue. A similar result was obtained on perfusion 
with 0°1°/, mono-potassium phosphate in 0°6 % saline. 

The results obtained after the injection of veratrine are of interest. 
An injection of O1 mgm. of veratrine hydrochloride into the dorsal 
lymph sac of a frog produced a well-marked characteristic result in a 
few minutes, The animal was then pithed and the gastrocnemius on 
one side isolated, Stimulation was made at intervals of 2°6 secs. and 


This Journal, xxvu1. p. 490, fig. 7. 1902. 
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gave at first a typical veratrine contraction and then single fast twitches. 
The base line showed a very rapid rise and fall, but subsequently 
although fatigue was somewhat rapid the waves were shown very 
clearly. | 

In another case the fatigue curve was started with the non-poisoned 
muscle and then a solution of 0°01°/, veratrine hydrochloride in 0°6 / 
saline was applied at the stage of fatigue when waves were appearing. 
The base line rise took place, but at the same time the waves appeared 
at a different rate to the base line contraction and were superposed u 
it (Fig. 9). ! 

In certain cases where the rate of stimulation was rapid, the base 
line showed variations which had the same wave-time as the summit 
line variations, but occurred very slightly later than the latter, the 
summit line reaching the crest of a wave a few contractions in advance 
of the base line crest (Fig. 10), 


Fig. 10. Isolated frog's gastroonemius ; direct maximal stimulation at intervals of 2 secs. ; 
showing waves in base line. 5 
Fig. 11. Isolated frog’s gastrocnemius; direct maximal stimulation; large magnification 
and small load; regular waves on throw-down line in spite of irregularities in summit 
line waves. | 
It might have been concluded that the summit line variations were 
due to varying amounts of contraction-remainder, causing a varying 
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support of the lever at the beginning of each contraction. This seems 
hardly adequate to account for the change, since if the lever be 
supported at different levels by means of a stop, during the production 
of the waves no apparent change is induced. Also if a support be used 
throughout the interrupted series of contractions, a stage can be reached, 
at which the initial contraction after a pause is able to lift the lever a 
considerable distance, then in the first trough the summit line sinks 
below the level of the support, but the following crest may rise just 
above this level, so that the tracing shows a short period during which 
no contraetions are recorded. 

In some experiments where the waves appeared early in the fatigue, 
at a time when the relaxation was still rapid and when there was thus 
a considerable throw-down of the lever below its stationary relaxation 
level, waves appeared on the line formed by joining the lowest points to 
which the throw-down carried the lever (Fig. 11). 

Injections of cocaine, atropine, or supra-renal preparations were 
without effect on the production of the waves, as were also ether and 
chloroform vapour in quantities which left the muscle still excitable. 
And, indeed, it was found that, in the case of any muscle which would 
produce the waves when fatigued under ordinary conditions, the 
influence of no external agent, except extremes of heat and cold, could 
prevent their occurrence, In certain frogs the gastrocnemius would 
not show the variations; and this was also the case when. there were 
marked irregularities in the summit line at the beginning of an 
experiment. For the appearance of the waves in the most evident form, 


constancy and regularity of excitation, combined with some fairly 8 
interruption, are essential. 


SUMMARY. 


1, When certain frogs’, toads’, and mammalian muscles are fatigued 
under constant conditions with maximal break induction shocks, 
temporary wave-like variations can be produced in the summit line 
during the later stages of fatigue, by any alteration in : 

(a) load, (6) rate of stimulation, (e) temperature, and also by 
introducing short periods of rest or of sub-maximal stimulation. 


2. These variations can be evoked in the frog’s gastrocnemius in 
winter as well as summer animals, whether the muscle be in the 
circulation or isolated, whether the stimulation be direct or indirect, 
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under both isometric and isotonic conditions, and are not abolished by 
large doses of curare or by any such reagents or conditions as will leave 
the muscle still excitable. 


3. The onset of the stage of fatigue at which the variations can be 
evoked, is hastened by such conditions as will induce more rapid fatigue 
in the muscle. 


4, The time relations of the individual variations vary with the 
temperature and the interval between the stimuli. 
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ON THE DEVELOPMENT OF THE PLEXIFORM NERVE 
MECHANISM OF THE ALIMENTARY CANAL. By 
S. JEAN MEIKLEJOHN, M.B. Ch. B., Carnegie Scholar. 
(Fa 


(From the Physiological Department, Glasgow University.) 


Tux marked difference in structure of the plexiform nerve mechanism 
of the muscular wall of the intestine from that of the typical synaptic 
nerve mechanism of the body generally and the peculiar independence 
of its physiological action seemed to justify the supposition that it might 
develope independently of the central synaptic mechanism and simply 
become coupled up with it at a later date. 

The study of the innervation of the bladder led Elliot! to advance 
this theory as a possible explanation of the results obtained by him. 

The question seemed to be one of such interest that, at the suggestion 
of Professor Noel Paton, I began its study in the Research Laboratory 
of the Royal College of Physicians at Edinburgh in 1905 and continued 
it in the Physiological Department of the University of Glasgow. 

Material employed. For the purposes of the investigation it was 
found that very early embryos were required. Mammals were tried but 
none were obtained at a sufficiently early stage to be of much value. 
In 4 pig embryos 2°5 cm. in length it was found that the plexus in the 
stomach and intestine was already well developed and that there was 
distinct and abundant connection with the central nervous system. 
Tadpoles were also tried and may yet prove of value, but the difficulty 
of dealing with the yolk after it had been rendered extremely brittle in 
the process of staining by Cajal’s method has so far prevented their 
being utilized. Latterly I have employed chick embryos. 

At the seventh day of incubation I found the plexus in the wall of 
the gut and its connections with the central nervous system well 
developed. I have therefore worked backwards from this stage getting 


This Journal, xxxv. p. 441. 1907. 
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results with Cajal’s method as early as the third day. Eight chicks 
successfully stained by this method have been examined, of ages between 
24 and 7 days. 

Methods, Various methods have been tried. Gold chloride gave 
good results where it was possible to remove and spread out the 
intestine but not in earlier stages, and it was abandoned. With 
methylene blue I failed to obtain any staining in the early embryos. 
Cajal's silver reduction method' has been found to give good results 
from the third day of incubation, onwards; and it is the method which 
has been exclusively employed latterly. The first formula (direct 
fixation in silver nitrate) is the one which gives most certain results at 
an early stage. With the second (previous fixation in alcohol or in alcohol 
and ammonia) I have not been able to obtain staining earlier than the 
middle of the fourth day and this in only one case. From the fifth day 
onwards, it gives beautiful results with a much clearer definition of the 
fibres and cells than is obtained by using the first formula. A further 
difficulty arises from the blackening of the surface of the embryos as 
the greater part of the splanchnopleure at an early stage is spread out 
and exposed directly to the silver nitrate during the bath. This results 
in a blackening of the whole thickness of the splanchnopleure. I have 
attempted to overcome this difficulty by embedding in agar, and I 
believe that the method will prove satisfactory. 

Results with Cajal’s method. At 24 to 3 days, a few cells and fibres 
in the spinal cord were stained as well as the nerve roots and a short 
length of the nerves. The retinal cells and fibres were very clearly 
stained. In the pharynx there was a suggestion of a few fibres but 
these were very few and doubtful. 

At 3 to 4 days, more cells in the cord were stained and also the nerve 
roots and first portion of the nerves. The retina was also very distinctly 
stained. Here again in one case there was a faint appearance of nerve 
fibres in the pharynx but nothing certain. 

At 44 to 5 days, fibres were found entering the stomach from the 
vagus (Figs. 1, 2 and 3) and there was an Auerbach’s plexus in the stomach 
wall (Fig. 4). The plexus was of a simple character and consisted of 
mono- or bi-polar cells giving off fine fibres forming a network; the 
cells were deeply stained. In the lower part of the intestine and 
lying towards the mesentery were a few flattened bi-polar cells arranged 
para'lel to the long axis of the intestine and forming a double or treble 
chain, the cells being connected by short fine fibres (Fig. 5). These 

1 Cajal. Trab. del Lab. de Inv. Biol. u. 1908. 
PH. XXXVL 26 
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appeared to be in relation with nerve fibres which, from their position, 
seemed to come from the cord in the position of the nervi erigentes. 
Very few cells or fibres of a nervous character were found in other parts 
of the intestine. 7 : 
At the end of the fifth day or early part of the sixth, the fibres 


Figs. 1 and 2. Drawings of L.-S. of chick of 44 days to show vagus fibres growing 
out into the wall of the stomach. 


Fig. 8. Photograph of L.-B. of chick of 44 days to show the fibres of the vagus 
growing into the wall of the stomach. 
Fig. 4. Photograph of Auerbach’s plexus in the stomach wall of a chick 
: of 5 days (tangential section). 
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eutering the stomach from the vagus were more numerous. The vagus 
itself formed a network round the oesophagus and numerous fibres 
entered the stomach, The plexus in the stomach wall was more 
developed, consisting of groups of 3 or 4 cells very slightly stained and 
lying in the smaller meshes of a rich network of very fine fibres. This 
plexus was very similar in arrangement to one found in this and the 
previous stage between the notochord ‘and the aorta for nearly the 


whole length of the aorta, and apparently representing the beginnings of 
the intervertebral sympathetic chain. 


Fig. 5. Drawing of L.-S. of a chick of 5 days to show fibres extending from 
the lower part of the gut. 


At the lower end of the intestine there was a plexus similar to that 
described in the earlier stage and in the same position. At this stage 
the cells were much more numerous and the chain-like arrangement 
more distinct, The chain of cells was clearly to be traced into the 
mesentery and the whole formed a very striking band of cells and fibres 
apparently entering the intestine at one point. There were a few 
scattered cells of fibres at other parts of the intestine but none with so 
clearly plexiform an arrangement. 
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CONCLUSIONS. 


If this method of staining can be relied on for early stages in the 
development of the nervous system, the results obtained go to show that 
the visceral (Auerbach’s) plexus is formed later than, and probably as an 
outgrowth from, the synaptic system and not as an independent system 
afterwards forming a secondary connection with the central nervous 
system. The early appearance of the synaptic system, in contrast to the 
visceral plexus, and the connection of the latter with the central nervous 
system at the earliest stage at which it can be shown, seem to point to 
this. On the other hand it seems clear that it is only after a certain 
“ stage of maturity” has been reached by the cell of fibres that they can 
be stained by this method, and it may be that the nervous elements are 
present in the viscera before the connection with the centre is established 
but that their development is not sufficiently advanced until that time 
to admit of their being stained. 

Cajal’ points out that the method employed stains exclusively the 
nerve fibres and cells, and that only those embryonic neurones the 
reticulum of which has reached a certain stage of maturity are stained. 
He states that in the chick the axones of both motor and sensory 
neurones stain before the third day and that the whole neurone stains 
about the third day. 

As regards the main sympathetic system he states that the neurones 
of the intervertebral sympathetic and the plexus of the sympathetic 
fibres in the heart, mediastina and intestine are impregnated on the third 
and fourth days of development. But he says “since at this stage the 
neuronal differentiation of the ectoderm is completed it is impossible to 
determine with precision the origin of the visceral sympathetics.” Only 
in one of his preparations was he able to discover chains of sympathetic 
cells connecting the intervertebral sympathetic ganglia with the visceral 
plexuses—an important statement in the light of the present observation 
where in every case the connection of the peripheral nerve — 
with the central system could be followed. 


: Trab. del Lab, de Inv. Biol, rv. p. 241. 
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THE ANALYSIS OF OXYGEN AND CARBONIC ACID 
CONTAINED IN SMALL VOLUMES OF SALINE 
SOLUTIONS. By T. G. BRODIE, M.D, F. R. S., anp 
WINIFRED C. CULLIS. Lecturers on Physiology, London 
School of Medicine for Women. 


(From the Physiological Laboratory of the London School 
of Medicine for Women.) | 


In a recent paper Barcroft and Hamill! have described a method by 
means of which the amount of oxygen dissolved in small volumes of 
saline solutions can be estimated. In conjunction with them we 
employed the method in determining the oxygen consumption of the 
frog’s kidney during perfusion with oxygenated saline solution. Wishing 
to extend our observations to other organs we have endeavoured to 
make their method more accurate while retaining its simplicity as far as 
possible. The most important disadvantage of the method is that it is 
not possible to determine the carbonic acid present. Hence in working 
out the apparatus to be described in this paper special attention has 
been paid to this point. The general principle is again adopted of 
boiling off the gases in vacuo, dilute acid being added to disengage the 
carbonic acid. The essential difficulty consists in the collection and 
manipulation of the small volume of gases yielded by the volumes of 
saline, which are alone available in most perfusion experiments. A 
large series of experiments were made in which the gas was collected 
over water, but though the apparatus was modified so that the gases 
came into contact with the smallest possible quantity of water this 
plan was found quite unworkable owing to the extremely rapid rate at 
which water dissolves carbonic acid. A great number of other liquids 
were similarly tried but were all found to be useless for the same reason. 
It therefore became essential to modify the apparatus in such a way 
that the gases could be collected over mercury and the following is a 
description of the form which has been finally adopted. 


1 Barcroft and Hamill. This Journal, XXxIv. p. 306. 1906. 
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It consists of a glass reservoir of 80 c.cms. capacity whose ends are 
expanded into two bulbs, 4 and B (Fig. 1) The lower bulb terminates 
in a glass tube and is connected by rubber pressure tubing to a mercury 
receiver. To the upper bulb is attached a thick walled tube, DE, with 
a glass tap, C. The bore of this tubing and tap is from 0°5 to 1 mm. 
The upper end of the tube, Z, is drawn out 
slightly to a fine orifice, O. A small glass cup, 
F, is fitted over this tube by a rubber cork. 
A larger glass cup, G, provided with an outlet, 
H, encircles the lower bulb, B. 

The mode of working the apparatus is as 
follows. The tap, C, is opened and apparatus 
and tubing filled with mercury from the 
reservoir until the mercury stands about 1 cm. 
above the orifice, O, of the tube, EZ. The 
rubber tubing leading to the mercury reservoir 
is then closed by a screw clamp. The first step 
consists in the introduction of a small quantity 
of dilute acid (2% sulphuric) into the bulb, A. 
For this purpose a tube, L, of about 10 Cc. 
capacity is drawn out to a long neck so that a 
piece of pressure tubing fits into it tightly. 
This is fitted over the upper end of the tube, E. 
where it lies under the mercury and is then 
filled with acid. The tap being open and the 
rubber tubing clamped the mercury reservoir 
is lowered a little and, by opening the clamp 
carefully, the acid is run slowly into the ap- 
paratus. The tap is then closed and the clamp 
opened and by lewering the reservoir the 
mereury is run out until its upper surface lies 
a little below the mid line of the bulb, B, thus 
creating a vacuum in the upper part of the Tt 
reservoir, The acid on the upper surface of the mercury is now 
vigorously boiled by filling the cup, G, with boiling water. After about 
one minute the boiling water is run off, the reservoir raised and the 
mercury allowed to run back into the apparatus. The extracted gas 
now lies as a bubble on the surface of the liquid in the upper part of 
the bulb, 4. The rubber is then clamped and the tap opened when 
the bubble may be driven out by unclamping the tube, care being taken 
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to drive out only a little of the acid with it. The operation is repeated 
a second time, but it is found unnecessary to repeat again for the acid is 
now gas free if the boiling has been continued long enough. The 
apparatus is now ready to receive the solution to be analysed. This has 
been collected in a long pipette graduated to deliver 5 or 10 c.c. between 
marks. It terminates some 5 cms. below the lowest graduation in a 
small tap with a long nozzle. The method of introducing the saline is 
as follows. The tube, L. still being in position over the capillary tube, 
E, is three parts filled with mercury. The nozzle of the pipette is 
inserted into the upper orifice of the rubber tubing, V. which it closely 
fits, and is pushed home until its end comes into contact with the upper 
end of the capillary tube at O. The tap of the pipette is then opened 
and, the mercury reservoir having been lowered about 10 cms., the fluid 
from the. pipette is run slowly into the apparatus by carefully releasing 
the screw clamp. Sufficient time must be given for the fluid to drain 
down the sides of the pipette. This is best effected by running the 
solution in slowly. The flow is stopped by clamping the tube when 
the required volume has been run in. The tap of the pipette is then 
closed and the pipette removed. Finally the small amount of fluid still 
remaining in the capillary tubes, D and E, and the tap, C, is swept in by 
the mercury in the tube, L. The tap, C, is then closed and the tube, L, 
removed, any fluid left on the surface of the mercury in the cup, F, 
being removed with filter paper. It is important to dry the mercury 
in this cup as thoroughly as possible. As with the dilute acid, the 
gases in the saline are extracted by boiling the mixture of saline 
and acid after the bulbs have been evacuated. In this instance, however, 
the gases have to be collected and analysed, and for this purpose they 
are discharged into an analysing tube whose form is sketched in Fig. 2. 
It consists of a glass capillary tube about 40 cms. long and of 2 mm. 
bore. The one end of this is turned down and expanded into a bulb, P. 
The other end terminates in a tail tap, T., and then expands into a wide 
tube, S. Over the end of this a short piece of rubber tubing is passed 
so that a glass rod, Q, can be pushed through this into the interior of 
the tube. The glass rod is made to fit the rubber fairly tightly so that 
it can act as a piston working in a cylinder. Especial care is taken in 
selecting the capillary tube. It must be chosen of about 2 mm. bore and 
of uniform diameter along the piece that is to be used in the measurement 
of the gases. The tube is also marked by a circular ring about 5 cms. 
from the tap so that all measurements may be made from somewhere 
near this mark as a zero. The tube is previously calibrated by running 
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in a column of mercury, shifting it along the tube and measuring 
it in several positions to prove that the bore is the same throughout 
and finally weighing the mercury. The capillary must be carefully 
cleaned and dried and the whole tube is then filled with clean mercury. 
It is now inverted in the cup, F (Fig. 1), so that the lower opening 
of the bulb, P, lies over the orifice of the delivery tube, E. The main 
length of the tube is supported in the horizontal position by means of 
clamps. Everything is now ready for the collection of the gas. During 
the vigorous boiling of the saline the capillary, D, has usually become 
filled with water, and in order to prevent this from rising with the 
gases into the analysing tube the reservoir is first placed about 10 cms. 
below the level of the tap, C, so that when the rubber tubing is un- 
clamped allowing the mercury to rise in the receiver the bubble of gas 
collected at the top is at a pressure lower than atmospheric. Hence 
when the tubing is again clamped and the tap, C, opened, a little mercury 
flows in from the cup, F, sufficient to sweep out any saline which may 
have collected im the capillary, D. The mercury reservoir is now raised 
above the level of the mercury in the cup, F, and the screw clamp being 


OP 
Fig. 2. 


darefully opened the gas is discharged into the small bulb, P (Fig. 2), 
care being taken to displace it so slowly that finally the water is only 
allowed to rise up the capillary tubing at an easily controlled rate. The 
clamp is quickly closed as soon as the water is judged to have risen 
nearly to the orifice, O, and the reservoir being again lowered the small 
bubble of air left in the capillary together with the saline is swept back 
again into the apparatus by a stream of mercury from the cup, F. The 
process of boiling off the gases is then once more repeated. Meanwhile 
the gas collected in the bulb of the analysing tube is drawn into the 
capillary by pulling out the plunger, Q. A second bubble is now 
collected in a manner similar to the first, care being again taken to 
prevent any water escaping with the bubble. The extraction of gas is 
repeated for a third time, and meanwhile the second bubble is united 
with the first and drawn up well into the capillary. The third. bubble 
is always very small and is discharged into the collecting tube by 
allowing a little water to escape after it. As quickly as possible this 


bubble is drawn p into the analysing tube and measured, the capillary) 
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being sealed off at the bulb end by water. In the analysing tube we 
now have two bubbles of gas, the main one being sealed off at both ends 
by mercury and being free from water. The other bubble is small and 
sealed off at one end by mercury, at the other by water. This latter is 
found to consist almost entirely of carbonic acid, and it is necessary to 
measure it at once because it is absorbed most rapidly by the gas free 
solution with which it is in contact at one end. The analysing tube is 
now removed and may be kept until it is convenient to analyse it’. 

Analysis of the collected gases. The bubble of gas is pulled down 
the capillary tube until the end of it lies opposite the mark on the tube. 
The tap is then turned so that the mercury in the wide tube may be 
discharged through the tap and water taken up in its place. 

The next step consists in the measurement of the full length of the 
bubble. For this purpose the tube is cooled for some time under 
running water, the temperature of which is noted. The tube is then 
wiped and the length of the bubble measured by laying it over a 
millimeter scale placed in a horizontal position. To this length is added 
the previously determined length of the third bubble, and this gives the 
total volume of gas extracted since the tube has been calibrated in cc. 
permm. The next step is to unite the two bubbles, at the same time 
getting rid of the mercury between them. For this purpose the bulb end 
of the tube is immersed under water with the orifice upwards and any 
air in the capillary not belonging to the extracted gases is driven out. 
The tube is now turned so that the orifice of the bulb, P, is downwards 
and of course still under the water. The two bubbles can now be 
united in the bulb and then drawn back again into the capillary. In 
doing this the gases come into contact with water and consequently 
some of the carbonic acid is dissolved. This of course does not matter. 
If the operation is conducted fairly quickly there is no risk of losing 
any measurable quantity of oxygen or nitrogen. The bubble being 
drawn up the capillary until it is sealed off by about 4 cms. of water, 
the bulb is lifted out of the water and emptied. A small amount of 
potash is then run into the bulb from a burette and by means of the 
plunger worked up and down the capillary, care being taken to wet 
completely the walls of the tube with the potash solution. In this way 
the whole of the carbonic acid is rapidly absorbed. The remaining 
bubble is then pushed near to the bulb end of the tube and the main 
amount of the potash emptied out. The bubble is then drawn down 


1 The apparatus is made for us by Mr F. P. Rittershaus, 60, Huntley Street, Tottenham 
Court Road, W.C. 
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the tube again until its end lies near the transverse mark. In doing 
this the tube is held vertically and kept so for one to two minutes so 
that all the fluid may drain down the walls of the tube thoroughly. It 
is then cooled again and the length of bubble measured. The differ- 
ence in length gives the amount of carbonic acid present. The oxygen 
estimation is effected in an exactly similar manner employing a strong 
solution of pyrogallic acid in alkali. As this solution is very dark in 
colour and very viscid, it is necessary to remove the main amount of it 
before measuring the final bubble.. For this the main amount is 
displaced into the bulb and washed away. The bulb is then filled 
under water and inverted. The bubble may now be discharged into the 
bulb, the mercury still remaining being driven out after it and the walls 
of the capillary washed with water from the large tube at the end by 
pushing the plunger well in. The bubble is at once drawn back into 
the capillary. The.whole of this final manipulation does not occupy 
more than two seconds and there is no risk of getting any admixture 
with bubbles of carbon monoxide, which may happen when the strong 
pyrogallic solution is diluted. The remaining bubble of nitrogen is 
finally measured. 

As an instance of the course of an analysis the following may be 
taken : 

Volume of saline taken = 10 c.c. 


Temperature of the tap-water, 9°5° C. 
” saline, 15° 0. 


Length of third bubble, 4 mm. 

Length of main bubble, 289 mm. 

Total length of bubble - 293 mm. 

Length after treatment with KOH =97°5 mm. 


” 55 55 ” pyro. =21-0 mm. 
Hence, Total volume of CO, is represented by 195°5 mm. 

” ” ” 0, ” ” ” 76°5 mm. 

” ” ” Na ” ” ” 21-0 mm. 


Each mm. of capillary contains 0-002947 c.c. 
Hence in 1 c. c. of saline the gases present were: 


As tests of the accurate working of the apparatus we have conducted 
two series of control experiments. In the first we made a series of 


1 Haldane. This Journal, XXI. p. 467. 1897. 
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analyses of the same saline for comparison with one another. The 
following is an example of the results obtained in this way. 


A physiological saline was taken and after warming to 85°C. was thoroughly shaken 


with oxygen. Four successive samples were taken and gave the following results, the 
figures representing o. 0. of gas in one o. 0. of saline, 


CO; 05 Ny 
Sample 1. 0-0282 0-0196 0-0032 
„ 2% — 0-0202 0-0084 
0-0282 0-0199 0-0085 
00290 0-0202 0-0033 


The analyses are seen to agree quite closely and the errors fall far 
below any of the differences we have found between salines before and 
after passing through an organ under experimentation. 

In the second control test a 4°/, solution of sodium carbonate was 
prepared and the CO, estimated gravimetrically and in our apparatus. 


The gravimetric analysis was kindly made for us by Miss 8. T. Widdows, who found 
that 25°3238 grms. of this solution yielded 0-1988 grms. of carbon dioxide, i.e. 


1 grm. of the solution gave 0 00785 grms. CO,. 


Ten grammes of this solution were now taken and diluted to 1000 c. o. with distilled 
water. Samples of this distilled water and of the dilute solution were then analysed in 
the 

The mean of two successive analyses of the distilled water gave 

001334 c.c. OO, per o. o. 
Two analyses of the carbonate solution gave 
0-05362 0.0. CO, per o. o., 
0-05427 o.c. OO, per c.c., 
the gas being measured saturated with aqueous vapour and reckoned at 4°C. The mean 
of these analyses gives 
0°05395 c. e. CO, per e. o. 


Ot this volume a part is derived from the CO, present in the distilled water. In 1 e. o. of 

the mixture this fraction amounts to 0°01322 c.c., hence the CO, arising from the carbonate 
solution is . 

0°04078 c.c. per o. o. 

If this figure be corrected for aqueous vapour and reduced to 0° C. and 760 mm. mereury 

pressure it becomes 


0-03930 c.c. per o. o., 
or expressed as grammes 


0-0000770 grms. per o. c. solution, 
and this gives us for the original undiluted solution 


0-00770 grms. per e. o. 
which is to be compared with 5 
00078 grms. per 0. o., 


as obtained by chemical analysis, i.e. an error of — 1-92 %. 
As a test of the accuracy of the oxygen and nitrogen analyses in the 
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capillary tube the following analysis of a sample of atmospheric air may 
be taken. 


The tube was first filled with water to which a small quantity of soda solution was 
added. A bubble of atmospheric air was then taken into the capillary and sealed off by 
the same alkaline solution. The bubble was then drained, cooled, and measured. Its 
total length was 248 mm. The oxygen was then absorbed and the remaining nitrogen 
bubble measured. Its total length was 185 mm. Hence the oxygen measured 49 mm. 
Expressed in percentages these figures are 0, = 20°94 °/,, N. = 79°06 %/,. 


In thus measuring small quantities of gas in capillary tubes it is 
obvious that apart from the ordinary precautions to be observed with 
respect to temperature, pressure and aqueous vapour one other must be 
borne in mind. This arises from the different conditions under which 
the gas is measured in the three steps of the analysis. Thus, the main 
bubble when it is measured, is saturated with aqueous vapour, but the 
wall of the capillary is dry. In the subsequent measurements the 
gases are saturated with aqueous vapour but the walls of the capillary 
are wet. In measuring the mixed oxygen and nitrogen the solution 
wetting the walls is a strong alkali, while in the nitrogen measurement 
it is a weaker solution of alkali. As pointed out when describing the 
analysis of the bubble, it is essential that the fluid should be allowed to 
drain down thoroughly from the walls of the capillary, by holding the 
tube vertically for one to two minutes, according to the length of the 
bubble. On testing this point we found that with a clean tube exactly 
the same reading was obtained several times in succession if this pre- 
caution was observed. 

To test the nature of the correction required by the fact that in 
some of the measurements the wall of the sane | is wet, we performed the 
following experiment. 3 


A piece of capillary tubing of about 2 mm. bore was taken and tested to prove that the 
bore was uniform throughout. It was then carefully cleaned and dried. One end was now 
drawn out to a fine capillary and through this a small amount of the soda solution used 
for the analysis was drawn up. The length of the capillary left dry was then measured 
and the tube weighed. The tube was next filled exactly to the top with the soda solution 
and again weighed. Before each weighing the tube was allowed to come to the temperature 
of the room. The specific gravity of the soda solution at room temperature was known 
and from this the capacity of one cm. of the tube was calculated. The main amount of 
the alkali was next run out through the fine orifice and the walls were allowed to drain 
thoroughly by holding the capillary vertical for three minutes. The length of the empty 
capillary was again measured and the tube then weighed. This gave data for the estima- 
tion of the capacity of the tube when its walls were wetted with the soda solution. The 
results obtained were : 

Capacity of 1 cm. of dry tube 0-03942 0. o. 
55 wet „ 0°03919 c.c. 
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Hence a correction of —0°84°/, must be made for a measurement 
taken in a tube of this particular diameter whose walls are wetted with 
a salution of soda of 1088 specific gravity. Most of the analysing tubes 
we have used are of rather smaller diameter, so that the correction 
required lies rather higher than this. 

The control tests we have described prove that the gases contained 
in as small a quantity of saline solution as 10 c.c. can be extracted and 
analysed with very considerable accuracy. With careful work it is 
possible to collect the gases so thoroughly that in two successive 
analyses in the same tube the differences in the readings do not exceed 
05 mm. Let us suppose an error of 1 mm. is found in two successive 
analyses of the same saline, 10 c.c. of saline having been taken for 
analysis. This means a difference of 0°1 mm. for 1 c.c. of saline. The 
capacity of the analysing tubes employed averages 0°0025 cc. per mm. 
of tube, so that with this supposition the error in the result might be 
+0°00025 c.c. per c. o. of saline, or in round numbers 4 00003. Or 0°03 c.c. 
per 100 c.c. of saline. A much greater error than this will not vitiate 
the general conclusions which can be drawn from a comparison of arterial 
and venous salines in any of the experiments in which we have up to 
the present employed the method. 

In many experiments we cooled the upper bulb of the apparatus 
while the gases were being boiled off, but our later experience taught us 
that this was not necessary, and we therefore discarded it as being an 
unnecessary complication. 

In conclusion we wish to emphasise the points of especial importance 
in carrying out the analyses. In the first place at least three boilings 
are necessary to extract the whole of the gases, though as a rule we have 
not found it necessary to boil a fourth time. The second point of 
importance is to be careful to drain the walls of the capillary thoroughly 
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OBSERVATIONS ON THE REFRACTORY PERIOD OF 
THE SARTORIUS OF THE FROG. By H.C. BAZETT, 
Wadham College, Oxford. 


(From the Physiological Laboratory, University of Oaford.) 


Tuts investigation was undertaken at the suggestion of Prof. Gotch 
and was based upon Boycott’s work’ on the refractory period of nerve, 
the methods used in that research being applied to the investigation of 
skeletal muscle. Boycott showed that, when the indirect muscular 
contraction was taken as an index of efficient nerve stimulation, each 
nerve excitation was followed by a definite refractory period, or period 
of diminished excitability of the nerve, This refractory period was 
displayed by noting the smallest interval between two successive 
stimuli, which allowed of both being effective, so that their combination 
produced the phenomenon of summation in the indirect muscular response. 
His results correspond fairly closely with those of Gotch and Burch’, 
who, using the capillary electrometer, had found a similar refractory 
period for the excitatory electromotive changes in nervé trunks. 
Apparently then Boycott’s refractory period had its origin in the 
excitatory change of the nerve trunk. Boycott also showed that the 
refractory period was lengthened by cold and shortened by heat, thus 
confirming the observations of Gotch and Burch upon the excitatory 
electromotive phenomena, but he did not attempt to ascertain any 
definite quantitative effect of change of temperature. 

Snyder“ has shown, from Professor Burdon Sanderson’s figures, 
that the refractory period of heart muscle is affected by changes of 
temperature according to the law of the effect of temperature on the 
velocity of chemical re&ictions. This law is that of Arrhenius, expressed 
by the formula 


log k=-(F) + constant, 


1 This Journal, xxtv. p. 144. 1899. | 1 bid. xxrv. p. 419. 1899. 
Amer. Journ. of Physiol. xvm. p. 350. 1906. 
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where & is the velocity of reaction at any absolute temperature T, which 
falls within limits determined by experiment, and where A is a constant. 
If 7, is some temperature within these limits, then the quotient 
duration of the reaction at 7’, 
of ot T.4 10 = about 2 or 3. That is to say, that for 
a difference in temperature of 10°C., the quotient of the rates at the 
two temperatures is usually between 2 and 3, but it may be slightly 
less than 2, or considerably over 3. 
As it was shown that the refractory period of heart muscle obeyed 
this law, it was thought that if skeletal muscle could be shown to 
display a refractory period, it would be interesting to ascertain how 
far it obeyed the same law as regards temperature. The present 
experiments were therefore undertaken (1) to ascertain whether 
skeletal muscle excited directly showed any refractory period, (2) to 
determine the extent to which any such period was affected by definite 
changes of temperature. The work was done in the months of May, 
June and July and was thus confined to the tissues of the summer frog 
(Rana temporaria). 
Methods. The sartorius muscle of the frog was used and was kept, 
during the experiments, immersed in a normal solution (6 / ) of sodium 
chloride made up with tap water. The muscle bath consisted of a glass 
vessel covered with several thicknesses of baize, so as to keep the 
temperature as constant as possible, and the temperature was varied by 
passing saline of different temperatures in a continuous flow through it. 
The saline was syphoned over from a large glass flask, stirred by 
bubbling air through it, and kept immersed in a pail covered with felt 
containing the freezing mixture or ice used for lowering the temperature. 
In the muscle bath itself, as close to the muscle as „ was a 
delicate thermometer which was read constantly. 
The exciting and recording arrangements were practically the same 
as those adopted by Boycott. The muscle was excited by break 
induction shocks, the primary coils used having their cores removed, so 
as to make the induction current as short as possible. The two coils, 
one for each stimulus, were placed at right angles to one another so as 
to avoid any inductive interference; the secondary coils were connected 
with two du Bois keys and so with a single pair of platinum wire electrodes, 
so disposed that one platinum wire lay on either side of the muscle, as 
close to the pelvic end as possible. The primary circuits were opened 
oné after the other by means of a special spring traveller (Feder 
myograph) which in its passage opened the two circuits at any required 
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interval of time. The velocity of the traveller where it opened the 
current keys, was 2°2 metres a second. In each primary circuit four 
Daniell cells were as a rule used and the general arrangement is shown 
in Fig. 1. 

During the passage of the traveller both of the du Bois keys, short 
circuiting the electrodes, were open, so that each break induced current 
had to pass through both secondary coils as well as the tissue. No 
resistance boxes were included in the secondary circuits as was done in 
Boycott’s experiments. Though with change of temperature there 
must have been alteration of the total resistance, causing change in the 
intensity of the exciting currents, it did not appear necessary to 
specially provide for any such change as it was found that in order to 
produce any important variation in the results a very considerable 
alteration of the intensity of the currents was necessary. 


Fig. 1. A and B, keys of primary circuit opened by traveller. g and b, du Bois keys of 
the two circuits. X and T, coils of primary and secondary circuits. E, electrodes. 
T, traveller. 


The muscle lift due to contraction was registered on a stationary 
drum rotated slightly between each record. The general plan of 
experiment was as follows: the two stimuli having been made equal to 
one another, the extent of muscle lift with each of these singly was 
compared with that when the two stimuli quickly followed one another. 
As arule a series of three or four such lifts (occurring at intervals of 
from 15 to 20 seconds) was taken before making the comparison. If 
the second stimulus roused the muscle there would be mechanical 
summation of effect indicated by the lift of the lever being larger than 
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that set up by either of the single stimuli. The method of taking 
curves on a rapidly revolving drum was also employed, but though it 
gave the same results the records were not found so easy to interpret. 
This latter was the method adopted by Sewall' in his experiments on 
the indirect stimulation of muscle and the production under these 
circumstances of summation, but he gives no definite facts as to the 
temperatures at which his experiments were conducted. 

In the first experiments of the present series non-curarised muscles 
were used; in very many cases the results obtained corresponded very 
closely with those of the refractory period of nerve given by Boycott, 
so that probably there was spread of current to the intramuscular 


nerves, ¥ 


In other cases, however, results showing an interval of time of rather 
more than double the duration of the former were obtained, and these 
were probably indicative of a refractory period associated with the 
activity of the excitable substance of the muscle itself. Afterwards 
curarised muscles were chiefly used. These were curarised by soaking 
them in solutions of curare made up to definite strengths in normal tap 
water saline. Various strengths of such curare solutions were used and 
one of 0°25°/, was found most suitable, the muscles being soaked in this 
from 10 to 60 minutes. The use of such strong solutions was suggested 
by some of Keith Lucas’ work“. During the actual experiment the 
muscles were kept in simple saline, no curare being added to it. In one 
case at the end of a long experiment a curarised muscle which had been 
giving typical muscle results, after prolonged washing with this saline, 
suddenly gave one typical of nerve. This was the only time there 
seemed any evidence of the curare washing out. Also after the curare 
solutions had been kept two or three weeks some 20 °/, of the presumably 
curarised muscles would, if the currents were strong enough, give results 
which appeared to be due to stimulation of the nerve or myoneural 
junction even when they were first placed in the saline. It was supposed 
that such results were due to the curare having deteriorated; such 
instances are referred to later in this paper. 


Factors other than Temperature. 

Some factors apart from temperature*may be first noted: (1) the 

intensity of the stimulus, (2) the direction of the second stimulating 

current, (8) the order in which the series of determinations were made, 
(4) fatigue, injury etc. 

This Journal, u. p. 164. 1879. 2 Ibid. Xxxrv. p. 372. 1906. 
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() The intensity of the stimulus. As regards the stimulus itself 


this was usually maximal, but sub-maximal stimuli were also tried. In 
the ſormer case the smallest stimulus was found, that would give a 
maximal muscular response, and then both coils were moved up 1 to 
2 cm. In the case of sub-maximal stimuli it was difficult to make 
certain that the second stimulus did not excite entirely different muscle 
fibres to those excited by the first, and it is suggestive that under these 
circumstances often no definite refractory period was observed; on the 
other hand in cases in which the second sub-maximal stimulus was 
made rather feebler than the first, a definite refractory period was 
usually obtained. Sub-maximal results could not be obtained when 
the two stimuli followed at intervals of less than 001“, for the subsidence 
of each induced current was not completed until about 0008“, and with 
the interference of the currents spread of the stimulus to fresh fibres 
appeared to take place. 

With weak sub-maximal stimuli the results obtained were similar to 
those with maximal stimuli, though there was a decided tendency to a 
rather longer refractory period (i. s. about 004 at 14° C., when maximal 
stimuli would give 0025“ or 003”). This question of the effect of 
variations in the strength of currents is interesting from many points of 
view, but it was not worked out in sufficient detail to warrant any 
conclusions being put forward in this paper. 

The present experiments show that a refractory period is an 
undoubted phenomenon of muscular activity; this period, however, is 
to some degree only a relative state of diminished excitability. On 
increasing the strength of the second stimulus the refractory period 
seems to shorten, as Boycott showed it did in the case of nerve. The 
amount of such shortening is not, however, very great. One experiment 
may be described in a little detail to show the evidence for the preceding 
statement. It will be convenient to indicate here that in this and 
subsequent descriptions the following nomenclature is used. The 
response to the first of the two stimuli given is always referred to as A, 
the response to the second as B, and the response to both stimuli as C. 
In this experiment with four cells in each primary circuit and with the 
coils at 7°5 cm. maximal muscular responses were just obtained to each 
of the two stimuli. A determination was then made of the response to 
the two stimuli occurring in rapid succession ; this response was larger 
than that with either of the single stimuli, as long as the interval 
between the two was greater than 0065”, the temperature being 9° C. 
A determination was then made with the coil at 0, with one cell in the 
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primary circuit for single response A, and with the coil at 0 with six 
cells in the primary circuit for second single response B; the temperature 
was now 9°5° C. (the difference of 0°5° C. is negligible) and the response 
to the two stimuli O was larger than either A or B when the two 
occurred at an interval of more than 0005“; this gives a difference of 
00015". The effect of this very considerable change in the strength of 
B is thus small but is none the less definite, as is shown by the fact 
that the original interval of 00065“ now gives very well marked 
summation, O being very much larger than either A or B. From 
other experiments it seems probable that the intensity of the first 
stimulus does not affect the result, provided it is strong enough to 
produce a maximal contraction. 

If the sebond stimulus be weakened, the refractory period is distinctly 
lengthened, It was found, however, that the coil giving the second 
stimulus might be moved 3 or 4 cm. in either direction (e.g. from 4°5 to 
15 om. or vice versa) without altering the values obtained by more than 
about 00005“. It is then unlikely that any important disturbing 
factor was introduced through changes of temperature altering the 
intensity of the exciting currents. 

(2) The relative direction of the exciting currents had an effect 
on the results. If the currents acted in opposite directions, then in the 
case of the response C any excitation by the second stimulus occurs at a 
point of the excited tissue which is recovering from the anodic condition, 
so that a shortening of the refractory period might be expected, and as 
a matter of fact was demonstrable. If the currents were in the same 
direction the exciting electrode in response O was the same for both 
stimuli, and excitation in the case of the second stimulus occurs at a 
point which is recovering from the kathodic condition. Here there was 
a tendency for the refractory period to be lengthened. 

(3) The order of the series appeared to affect the determinations, 
te. A and B followed by O gave a slightly different result to C followed 
by A and B. Thus an interval between the two stimuli evoking 
response O can be found such that, if the experiment was conducted in 
the order O and then A, the contractions A (Ist stimulus only) were 
slightly larger than O (both stimuli), while if the order was A and then 
C the effect of C was in its turn slightly larger than that of A. No 
obvious reason could be found to explain the phenomenon of a 
contraction due to a single stimulus being larger than that due to a 
double stimulus. The result did not appear to be a case of the 
‘stairease’ phenomenon as ordinarily displayed by a series of single 
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stimuli, and though such a result was usually obtained it was 
occasionally absent. | 

(4) Fatigue, injury or continued keeping lengthened the smallest 
interval at which summation could be obtained. Fatigue effects were 
not as a rule obtained in healthy muscles with the rate of stimulation 
used, and if obtained they did not lead to an increase of the interval of 
more than 10%, even in extreme cases, but in muscles of diseased frogs 
or in injured muscles fatigue came on very rapidly and showed itself 
markedly in the lengthening of the interval. Injured muscles, even 
before fatigue was apparent, gave abnormally long intervals; for instance 
an injured muscle ceased to show summation at intervals below 008“ at 
12˙5˙ C., when a normal muscle would have required intervals below 
004“. Keeping the muscles in saline also lengthened the intervals 
below which summation ceased. A number of muscles were kept in 
saline at 4 C. for periods varying from 19—29 hours; with these 
summation was still unobtainable at intervals two or three times as 
long as the smallest interval that would cause no summation in normal 
muscle. Combinations of these influences at low temperatures might 
prevent summation at intervals below 03“ or 04“, that is they might 
collectively have a very considerable effect. 


Localisation of the Stimulus. 


A further important consideration is that of the localisation of the 
stimulus; this includes the question as to whether the stimulation could 
spread to the nerves and thus evoke indirect stimulation of the muscle. 
As has been stated before, the times of the apparent refractory period at 
any given temperature fall for the most part into two groups; one of these 
corresponds very closely with the figures given by Boycott and may 
thus be taken as indicating indirect muscular responses; these will be 
afterwards always designated as Group I. The second main group 
comprises far longer intervals than those obtained by Boycott, and 
appears to be associated with direct muscular stimulation; this will be 
referred to as Group II. Thus at the usual temperature of the room 
(14'5°—15:5° C.) the refractory period of nerve should be according to 
Boycott’s experiments about 001“ or possibly 002“ (it must be noted 
that if it is about 001“, it lies at a point such that, if it is slightly 
smaller than usual, it is likely to be modified by interference of currents). 
At this temperature it is difficult to differentiate between the two groups 
just referred to, as under these conditions, Group II gives apparent 
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refractory periods of only about 0 002“ to 0-004”. Lowering of tempera- 
ture however lengthens this period in each group, and as the difference 
between the two groups is now increased, it is easier to decide whether 
a result is to be put into the first or second group. At all temperatures 
below 12° or 13° C. the distinction is fairly clear, while below 9° C. it is 
very well marked. 

The following table gives some average results obtained in experi- 
ments bearing on this point. 


Group I. Group II. 
Probable indirect Probable direct 
12˙0. 0-007” 0-015” 
4° 0. 0-011” 
8° . 0-003” 00065” 
15° . 0-001” 0-0025” 


In obtaining the results of the second group curare was used, but 
there are also included some experiments in which the pelvic end of the 
sartorius was excited, the muscle being in the bath but uncurarised ; 
results typical of Group II were observed under these conditions 
indicating direct excitation only. 

A few examples of the records on this point will now be referred to, 
as they illustrate the way in which most of the experiments were 
carried out, 


Fig. 2. In this and other figures the tracing is to be read from right to left. Refractory 
period of about 008“ at 15°5°C. Group II. Muscle curarised in 1 in 400 curare. 
A is single response, O the response to two successive stimuli. The numbers below C 
express the intervals between the two stimuli in eth sec. 


In Fig. 2 a series of muscular twitches are recorded by an isotonic 
lever; it commenced on the right hand with three successive lines 
marked C, drawn by the lever when the curarised sartorius muscle was 
excited by two induction shocks following one another at an interval of 
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0˙002“/. The muscle was kept at 15°5°C. and the exciting electrodes 
were placed on either side of its pelvic end. This is succeeded by one 
marked A, the muscle being excited by the first of these stimuli only. 
The second stimulus when alone produced a response of the same extent 
as that evoked by the first and marked A. The third series from the 
right marked C. is a response to the two stimuli occurring at an interval 
of 0004“; this response is obviously larger, i.e. there is mechanical 
summation. In the series marked C,, there is a slight summation effect 
the two stinfuli being 0003“ apart; the remaining groups marked C all 
show this slight summation, the intervals lying between 0003“ and 
0004”. The last two groups on the left marked Ci and Our, are both 
records taken when both secondary coils had been moved out 3 cm. from 
the original position ; it will be noticed that the amount of summation 
is practically unaltered by this movement of the secondary coil a distance 
of 3 em. The refractory period in this case appears to be 0°003” and is 
longer than any such period on nerve stimulation at this temperature. 


Fig. 8. Fig. 4. 

Fig. 3. Record of refractory period of Group JI of about 0-007” at 7 C. The muscle was 
curarised in 1 in 400 curare 35 mins, A, response to single stimulus ; C, response to 
two stimuli at interval indicated by numbers below C expressing ruth sec. 

Fig. 4. Refractory period of about 003“ at 7°5° C. belonging to Group I. 
Muscle uncurarised. Numbers etc. as in Fig. 3. 


In Fig. 3 summation was obtained with an interval of 0009“ and 
such summation with the two stimuli began to show itself with an 
interval of 0007“, 0006” obviously giving no summation. The tempera- 
ture in this case was 7°C. and the muscle was curarised as before, It 
may be compared with the record given by the uncurarised sartorius, 
shown in Fig. 4, in which such mechanical summation begins to occur 
with an interval of 00032“, the temperature in this case being 7˙5˙ C. 
The intervals illustrated by Figs. 2 and 3 must then be placed in Group 
II, and that illustrated by Fig. 4 be placed in Group I. 
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This contrast between the muscular response to two stimuli, direct 
and indirect respectively, was constantly obtained. It thus appears that 
whilst two successive nerve impulses can give a summated muscular 
response when they occur at a given short interval, the muscle itself will 
not give any summated effect if excited directly by two electrical stimuli 
occurring at this interval, but needs an interval of at least double the 
amount. In short the refractory period for nerve-muscle response has 
one value, whilst that for the muscle response alone has another 
value. 

It might be urged that the longer values obtained with curarised 
muscles might be due t6 depressant effects of the drug; this appears 
improbable for the following two reasons: 

(I) The intervals found with curarised muscles were very constant 
for any given temperature whether the muscle had been in the curare 
15, 30 or 45 min. This is inexplicable, if the curare had a depressant 
effect. 

(2) Intervals exactly similar to those obtained with curarised 
muscle could often be obtained with uncurarised muscles stimulated at 
their pelvic ends, though such values could not be obtained in the case 
of every muscle. Also when some such long interval was obtained with 
uncurarised muscle it was not lengthened on curarising the muscle. 
For instance, in one experiment a perfectly fresh uncurarised muscle 
gave an interval of 0°007” at 85° C., that is to say one typical of Group 
II. This muscle was then placed 15 min. in 1 in 1000 curare, was 
found not to be fully curarised and so was placed another 10 min. in 1 
in 400 curare. After this treatment it gave a refractory period of 
006” at 8°5°C., so that the refractory period had certainly not been 
lengthened by the curare. 

The longer values of Group II might conceivably be abnormal figures, 
caused by fatigue, injury or some such factor. Such an explanation was 
rejected on the evidence of the constancy of the results of Group II, as 
compared with the inconstant results obtained when fatigue or injury 
was known to be a factor. It thus appears that there are two obvious 
groups of results, one presumably associated with indirect, the other with 
direct excitation. 

In addition there was one other fairly defined group in the intervals; 
this group is designated Group III and was only found when working 
at the higher temperatures. In this group at 15° C., summation might 
still be obtained with intervals of 0002“ or even much less; no definite 
determination could be made as summation was often obtained with the 
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smallest measurable interval, though in some cases intervals below 0004“ 
gave no summation. The intervals were all within the limit of the inter- 
ference of the two currents, that is to say the second stimulus occurred 
when the residue of a previous current was flowing through the excited 
tissue; the stimulus thus occurred at a point which was still possibly in 
a kathodal state as the result of the first stimulus. These very short 
intervals might therefore possibly be due to the presence of hyperexcita- 
bility, but if this was the case, one would expect a preparation, in which 
summation with indirect stimulation ceased at about 0001“, to give 
summation with an interval of from 0°0005” to 00008“. In two cases this 
was tried, but no such summation was produced. There was however con- 
flicting evidence on this point, and such values as a whole were unreliable 
as errors due to overlapping of the induction currents and difficulty of 
time measurement could not be avoided. 

Keith Lucas’, though working by entirely different methods, 
attacks the question of the excitable substances of a muscle-nerve 
preparation. As the results of the present experiments may perhaps 
be best accounted for by the hypothesis of excitatory changes occurring 
in different excitable substances, it will be as well to consider his 
results here. He finds evidence of three excitable substances which 
he calls a, B, and : — 4 of muscle, 8 of the myoneural junction, and ꝙ of 
the nerve trunk. These substances have widely differing velocities of 
reaction, that of a being longer than that of , and that of y longer 
than that of 8. His earlier experiments were on the tissues of the 
toad, but he has more recently published“ the results of some experi- 
ments on the frog’s sartorius. 

Working with minimal stimuli at the interference of make and break 
effects with galvanic currents he determined the points where reduc- 
tion in the duration of the current first begins to cause stimuli which 
were previously effective to be ineffective, and also the points at which 
the currents have just to be doubled in intensity in order to be effective; 
the first of these two cases he designates “the point when the liminal 
stimulus begins to rise.“ His figures show that at 10° C. the ratios 
between the velocities of the reaction of the different substances depend 


1 This Journal, xxxv. p. 810. 1907. * Ibid. xxxvi, p. 113. 1907. 

* Since this paper was in proof Keith Lucas has published two more papers on electrical 
stimulation of muscle (This Journal, xxxv1. pp. 258 and 884). In these he withdraws as 
untenable his theory of the interference of make and break effects as an explanation of his 
results. He, however, still holds that his method gives a measure of the duration of 
the excitatory change of a tissue. 
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very largely on the conditions of the experiment, and are quite 
different for the points at which the liminal stimulus begins to rise and 
for the points at which the current has to be doubled. His mean 
values are: 


(a) ie. muscle values. 
(1) Point at which liminal stimulus begins to rise 0013”. 
(2) Point at which current has to be doubled 0-008”. 


(8) te. myoneural junction values: 


(1) Point at which liminal stimulus begins to rise 0-009”. 
(2) Point at which current has to be doubled 0:00025”. 


(Ye. nerve trunk values: 


(1) Point at which liminal stimulus begins to rise 0003“. 
(2) Point at which current has to be doubled 000035“. 


The average intervals obtained in the present experiments at such 
a temperature as 10° C. were for Group II, corresponding with (a), about 
0006", and for Group I, corresponding with (/), about 00025”, while 
no results at this temperature could be placed in Group III corres- 
ponding with (8). Neither the figures obtained in these experiments 
nor the ratio between the figures for Group I () and Group II (a) are 
then incompatible with those of Keith Lucas, supposing that they are 
to be attributed to the same or similar changes in the tissue excited, 
and any observed differences are only of a degree that might be 
expected, if the contrasts between the strengths of currents used and 
methods employed are taken into consideration. 

From this comparison with the results of Keith Lucas’ work it 
seems possible that the short results of Group III may be due to the 
stimulation of Lucas’ substance G at the myoneural junction, though 
there is also a possibility that these intervals in this series of experi- 
ments are related to the residue of kathodal alterations of nerve trunk. 

If however, putting aside this possibility, this third group of very 
short intervals giving summated responses are taken to be due to the 
stimulation of such a myoneural junction substance as Lucas predi- 
cates, it is remarkable that there should be great difficulty in obtaining, 
under the conditions of my experiments, these short interval summations 
at temperatures below 11° C., for it was found that on reducing the 
temperature below this, they disappeared and only results typical 
of Groups I () or II (a) could be obtained. In one case, however, 
there seemed evidence of a refractory period belonging to this shortest 
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group (0 0007“) even at 8° C., the muscle being uncurarised and 
stimulated near its central point. As a rule, stimulation near the 
central point of the muscle showed no greater tendency to give values 
typical of Group III (8), than did stimulation at the pelvic end of the 
muscle. 

Fig. 5 gives a record of one of the experiments as to this third 
group of extremely short refractory periods. In this marked 
summation was obtained at 18° C. at the smallest interval obtainable, 
namely about 00001”. 


Fig. 5. Fig. 6. 


Fig. 5. Group III. Interval of 0-0001” still gives summation at temp. of 18° C. 
The muscle was excited at pelvic end, and was uncurarised and very fresh. The 
intervals expressed in eth sec. and reading from right to left are 2; 1; 5; 285; 1 
(not marked in fig.); 3. 


Fig. 6. Reet of Temperature. Muscle curarised in 1 in 400 curare for 20 mins. A is 
response to single stimulus (the first), C the response to two stimuli at interval of 
0-005”. This interval gives summation at 15° but none at 1°C. The temperature 
was the only factor changed. 


Temperature Effects. 

Of all conditions influencing the minimal interval at which 
summation was obtained, that of change of temperature is one of the 
most marked. The general effect of lowering the temperature is well 
shown in Fig. 6, in which the temperature was the only condition 
altered. An interval of 0005“ giving marked summation at 15°C. 
gave none whatever at 1°C. 

The effect of temperature on the maximal interval at which two 
successive stimuli fail to give a summated response is best displayed by 
charts massing the results of four experiments, these four being selected 
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out of a number done on this part of the subject. The results all belong 
to the second or muscular group and are plotted in the curves shown in 
Fig. 7. The two curves form the extreme cases, the intervals obtained 
in all other experiments on this group lying somewhere between these 
two curves, with a few unimportant exceptions. Three intervals 
obtained in these four experiments are excluded from the chart. In 
one (Exp. 23) an interval of 0°004 at 7°C. was obtained at the end 
of the experiment, that is to say a result typical of Group I. In 
Exp. 25 the muscle gave at the beginning of the experiment an 
interval also typical of Group I, but the currents used for this first 
determination were very strong ; under similar conditions as to strength 
of current the muscle in Exp. 21 gave an interval typical of Group III. 
None of these are included in the chart. : 


16 
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Fig. 7. Curve (a) represents the combined results of Exps. 21 and 23. 


Curve (b) those of Exps. 25 and 26. 


It will be seen from the chart that after allowing for experimental 
errors, the effect of temperature on the interval which may be termed 
the refractory period is very constant. Also it will be seen that as far 
ns h ti refractory period at J. 

periments go t e equation, ry period 7,+10 
an approximate expression of the result. 
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For instance, taking curve (a) the equation works out as follows : 


5° 8˙3 | 2° 2-9 
4* 8°25 og we 28 
8° pre 8-0 
Taking cnrve (b) the ratio, that is, the temperature coefficient, is as follows: 
8⁰ 1700 8°6 8-0 
we 3°38 | 1° * 2˙9 
3° 


A number of other experiments are in harmony with these results, 
so that, as far as it is possible to judge from such a short range 
of temperature, the effects produced by change of temperature obey 
Arrhenius’s law of the effect of temperature on the velocity of chemical 
reactions, This would seem to imply that the refractory period of 
skeletal muscle, like that of heart muscle’, depends on a chemical 
change, and that the velocity of the chemical change determines the 
duration of the refractory period. 


Co 


° 


Fig. 8. | 
The effect of change of temperature. on the refractory periods 
which fall into Group I is shown in Fig. 8. This shows all the 
intervals obtained, which appeared to belong to indirect excitation, 
together with three average results of Boycott’s work, and it is 
through the latter that the curve is taken. Here again the same law 
is found to hold for the short range of temperature over which the 

experiments extend. Taking the curve in the figure the equation is: 


6° 8-7 (?) 3° 8-65 
5° 3-6 2° 3-6 
4 * 8-5 1° 8-6 


1 Vide Snyder, loc. cit. 


K 

* 

- 

* 

— 
— ~ ‘ 
— 


REFRACTORY PERIOD OF MUSCLE. 429 


Though in this case the temperature coefficient expressed by the 
equation is larger the results none the less obey the law of Arrhenius. 


Effect of Chemical Substances. 


Experiments were performed to test the effect of potassium and 
calcium salts and of chloral hydrate on the intervals belonging to Group 
II, but no similar experiments were done on the other groups. 

Solutions of calcium chloride and potassium chloride were made up 
in the strength of 1°/,. Each of these was mixed with tap-water saline 
in the proportions 1:5, 1:10, and 1:15. The muscle was kept at 
atmospheric temperature in its bath in saline or one of these mixtures 
with saline, and there was no flow of liquid through the bath. Potas- 
sium chloride lengthened the refractory period, calcium chloride 
shortened it, and each salt tended to neutralise the effect of the other. 
The calcium effect on the fresh muscle was not very marked, but if the 
muscle in saline gave for some reason or other a rather longer result 
than usual, calcium chloride at once shortened it considerably. 

Chloral hydrate is said to shorten the refractory period of the 
heart’. Nine experiments were done to test its effect on the refractory 
periods of Group II. The conditions of the experiments were similar 
to those with salts, but the muscle was immersed in solutions of chloral 
hydrate in normal tap-water saline of strengths varying from 1 in 100 
to 1 in 2000. A strength of 1 in 100 caused tonic contractions, and 
one of 1 in 300 was found most satisfactory. In four of the experiments 
there seemed a bare possibility of an initial effect of shortening of the 
refractory period. Of these one experiment seemed to show a well 
marked shortening effect lasting two or three minutes, but in the other 
cases the presence of any such effect was very doubtful. In all cases the 
main result was a lengthening of the refractory period, and in the other 
five experiments this effect seemed to appear at once. The experiments 
therefore were inconclusive as to whether there was an initial shortening 


effect on the refractory period. 


1 Rohde. Archiv fiir exp. Path. u. Pharm. uxtv. p. 104, and Schultz, Amer. Journ. 
of Physiol. xvi. p. 488, 1906. 
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GENERAL CONCLUSIONS. 


1. A refractory period can be demonstrated with direct electrical 
stimulation of the frog’s sartorius. This has about twice the duration 
of the period which occurs with indirect stimulation. It appears to be 
to some degree merely a relative state of diminished excitability, 
although it is not greatly altered by a considerable change in the 
intensity of the exciting currents. 

2. The period is lengthened by fatigue, injury to the muscle and 
by keeping iu tap-water saline. 

3. Lowering the temperature always lengthens the refractory 
period, whether stimulation is direct or indirect. This lengthening 
obeys Arrhenius’s law of the effect of temperature on the velocity of 
chemical reactions in both cases. 

4. Potassium salts added to the muscle bath lengthen, calcium salts 
shorten, the refractory period. 

5. Chloral hydrate lengthens the refractory period, though possibly 
there is a short initial effect of lessening it. 

6.. The increased duration of the refractory period with direct 
stimulation over that of the same period with indirect indicates 

ethat for the muscle to respond to the second of two direct stimuli 
a longer interval of time is necessary than is required if both stimuli 
are indirect. Since in both cases a muscular response is involved, it is 
the excitation factors that are responsible for this difference; the muscle 
substance appears to regain its excitability for nerve-ending stimuli 
much earlier than it does for a direct stimulus such as the passage of 
electrical currents. 
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ON THE OCCURRENCE OF COMPENSATORY HYPER- 
TROPHY IN THE OVARY. By E. S. CARMICHAEL, 
M. B., F. RC. S. E., anp F. H. A. MARSHALL, M.A, DSe 


(From the Physiological Laboratory, University of Edinburgh.) 


Ir has frequently been stated as a result of clinical and post-mortem 
observation that the kidney and other organs of excretion, when 
removed in part, have marked powers of compensatory growth, but 
there is little evidence that this is the case with the organs of 
internal secretion. Ribbert, however, has shown that the remaining 
testis is capable under certain circumstances of undergoing enlargement 
after one-sided castration. In the case of the ovary less has been done 
to test its power of compensation. Bond has recently published the 
results of some experiments performed by him and Horsley, in which 
it is shown that in rabbits compensatory hypertrophy of one ovary may 
occur when the other has been removed, and that this compensation is 
physiological as well as anatomical. Bond however asserts that this 
compensation only takes place if the animal is allowed to become 
pregnant or at least to bave sexual intercourse, and he draws the 
conclusion that sexual intercourse acts as a stimulus to ovarian growth 
in adult life. 

Our own experiments dealing with the question of the power of 
compensation possessed by the ovary may be arranged in four series. 

1. A single ovary was removed in rabbits which were pregnant at 
the time of operation. - 

2. A single ovary was removed in rabbits non-pregnant at the time 
of operation. 

8 and 4, One ovary, and half or more than half of the opposite 
ovary, were removed in animals pregnant or non-pregnant at the time 
of operation. 

In the first series the operation was performed at various stages of 
pregnancy in three animals and therefore at a time when the organ 
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Two were not permitted coitus at any period after the operation 

and therefore did not subsequently become pregnant. In one of these 
animals, which became mangy and owing to extreme emaciation had to 
be killed, there was, if anything, evidence of a slight atrophy in the 
remaining ovary, while in the other rabbit the remaining ovary weighed 
the same as its fellow did (with its contained corpora lutea) 4 months 
previously, although the animal had been isolated for four months and 
therefore was not pregnant at the time of killing. 
In the third animal, pregnancy occurred three times subsequent to 
the removal of the ovary, and the remaining ovary 44 months later 
weighed twice as much (4 grm.) as the ovary previously removed 
(2 grm.). 

This result agrees entirely with those of Bond. It is interesting to 
note that the number of young born at each of the three pregnancies 
was seven, or somewhat more than half the number of a normal litter. 

If we consider now our second series of experiments, we find that in 
three non-pregnant animals in which the ovary was removed, there was 
definite hypertrophy after 2 months, 4 months, and 5 months. 

One animal was isolated and was never served with the buck. It 
had previously had several litters of young ones and therefore was 
a full-grown animal. The ovary was markedly hypertrophied after 
4 months, showing a difference of from ‘12 grm. to 2 grm. in weight 
between the two ovaries. 

This does not support Bond’s contention that compensation depends 
on subsequent coitus and pregnancy. 

The other animals showed marked compensation, but each had 
become pregnant on more than one occasion. 


The actual weights were: 
(1) Right Ovary I grm. 
Left Ovary (2 months later) = 2 grm. 
(2) Left Ovary 22 


grm. 
Right Ovary (5 months later) = 3 grm. 

The latter of these rabbits W seven young two months after 
the removal of the left ovary. 

The power of compensation was 3 even more strikingly 
in the third and fourth series of experiments. 

In four animals more than one ovary was removed. 

In one animal in which, as far as could be judged, about jth only of 
an ovary was left behind, the weight of this part six months later was 
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‘87 grm., or larger than the average weight of a whole ovary in an adult 
rabbit. | 

This animal became pregnant and five young ones were born. It is 
a striking example of the physiological and anatomical compensation 
that can take place. 

In another rabbit six months after the removal of one ovary together 
with approximately half of the other, the remaining half weighed 
35 grm. and appeared to be about the size of a normal ovary. 

A similar result was obtained in a slightly less marked degree in the 
two other animals, 

These latter experiments suggest that the power of compensatory 
growth possessed by the ovary is relatively greater the larger the 
amount of ovarian tissue which has been removed. 

Further, that this power of compensation does not depend on the 
presence of the uterus is shown by the following experiment. The 
right ovary and uterus were removed from an adult rabbit, the ovary 
weighing 34 grm. Nine months later the left ovary was removed and 
was found to weigh as much as 75 grm. 


REMARKS. 


It cannot be contended that the observed compensatory hypertrophy 
on the part of the ovarian tissue left behind was merely normal growth, 
since the rabbits employed in our experiments were mature animals, 
and in nearly every case were known to have been previously pregnant. 
Moreover, it is equally certain that the differences between the weights 
of the two ovaries in each experiment had little or no relation to the 
periods of the year at which they were respectively removed, for the 
animals killed during the usual non-breeding season afforded as much 
evidence of ovarian hypertrophy as those which were killed during the 
usual breeding season. 

Heape has shown that rabbits do not ovulate unless they are 
permitted to have sexual intercourse, and while Iwanoff’s experiments 
seem to indicate that under certain circumstances ovulation may occur 
after artificial insemination, there can be little doubt that Heape’s 
conclusion is in the main correct. This investigator states that if the 
doe rabbit is refused access to the buck the Graafian follicles, instead of 
discharging and becoming transformed into corpora lutea, undergo a 
process of degeneration and are converted into atretic follicles. 

It would appear therefore as a result of our experiments that not 
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only is sexval intercourse unnecessary for the purpose of inducing 
compensatory hypertrophy in the ovary, but that ovulation is also not 
essential for the occurrence of that process. 

In conclusion, attention may be directed to the fact observed by us, 
that if one ovary be removed at a very early stage of pregnancy 
(series 1) abortion does not necessarily follow, the remaining ovary 
being apparently sufficient for the continuance of the pregnancy until 
full time. Such experiments therefore may be regarded as controls to 
those in which both ovaries were removed in early pregnancy and in 
which abortion followed in accordance with Fraenkel's theory. 
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EFFECT OF STRYCHNINE ON MUSCULAR WORK. 
By P. C. VARRIER-JONES, B.A., Late Scholar of S. John’s 


College, Cambridge. 
(From the Psychological Laboratory, Cambridge.) 


STRYCHNINE has been the subject of only a few experiments to 
determine its effect on muscular work. It was therefore suggested to 
me by Dr Rivers that further experiments would be useful and that 
they should be carried out with Kraepelin’s improved ergograph. To 
previous experiments I have found only two references. 

Rossi! in his researches on fatigue included strychnine in the number 
of the drugs he examined. He found that there was a remarkable 
increase in the amount of work done by the muscles after an injection of 
strychnine, and that although there was an increase in the quantity of 
work done, yet the heights of the different contractions were in no way 
augmented. He continued his series of ergograms for one hour, at the 
end of which time he had completed seven. Only an increase in the 
amount of work performed under the influence of strychnine is shown, no 
reference being made to any decrease. This is probably due to the fact 
that the ergograms did not extend over a sufficiently long period. The 
dose (1 milligram sulphate of strychnine) was injected hypodermically. 

Féré* found that the amount of work done was increased during the 
first three series of ergograms after an injection of 1 mgm. of sulphate 
of strychnine—i.e. during roughly three quarters of an hour. Later, 
however, the amount of work performed was diminished, remaining below 
the normal till the end of the experiment (about an hour and a half 
the time of the dose). 

The method used for this experiment is identical with that employed 
by Rivers and Webber in their work on caffeine’, sets of six ergo- 
grams being taken separated by two minute intervals. A period of half 


1 Rossi, Rivista sper. di Freniatria, xx. p. 442. 1894. 
1 Péré. Travail et Plaisir. Paris, Felix Alcan. 1904. 
This Journal, XXXVI. p. 33. 1907. 
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an hour was allowed between sets I and II and also between II and III. 
Between each of the later sets an hour was allowed to elapse. During 
the half hours typewriting of a simple kind was done, the left hand 
only being used. Gentle walking exercise occupied the hour intervals 
with the exception of the second (between sets IV and V), during which 
dinner was taken. 

The conditions of life were kept as constant as possible during the 
experiment in both mental and physical work. No alcohol or other 
stimulant was taken during this time, save the usual cup of coffee at 
breakfast. Smoking was not indulged in'. The midday meal was of a 
light nature and the experiment was begun at 4 p.m., being continued 
for about five hours. 

The doses consisted of 3 and 7 minims of liquor strychninae hydro- 
chloridi, i. e. of 1°8 and 42 mgm. of strychnine hydrochloride, and of a simple 
infusion of gentian indistinguishable in taste from the strychnine solutions. 
These doses were administered in half a tumbler of water in an order 
unknown to the subject, whose only information was that there were three 
solutions, one with no strychnine, the second with a small amount, and the 
third with a full amount of the drug. At the actual time the dose was 
taken there was no indication as to its nature“, but the large increase in 
the work done after the stronger dose of strychnine rendered con- 
cealment impossible later in the day, as well as revealing to some slight 
extent the plan of the experiment since each dose was expected to 
occur an equal number of times. Though the increase at first may be 
looked on as practically a pure drug effect, it is probable that the interest 
aroused by so definite an alteration in muscular capacity tended to 
increase the work still further. The amount of this increase would, 
however, be small compared with that directly due to the dose. 

The actual experiment was begun after about a week’s training, 
the daily total of six sets being reached at the end of that time. A 
small experiment for another purpose had been carried out a couple of 
months earlier. 

Now to turn to the actual figures of the experiment it will be seen 
by reference to Table I (which gives the work for each day) that there 
is a great fall of muscular capacity in the later days of the experiment. 
The change is very marked after August 2nd but it is present to a slight 
extent before that date. In order to make a comparison of the drug effects 


1 The subject is usually a very moderate smoker. 


A slight headache followed the taking of the strychnine on more than one occasion, 
and once it was noted that objects were seen as blue. 
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TABLE I. Work in kilogrammetres for each day of experiment. 
July 28 s Awl 2 2 4 5 
Ergogram dose Tm. Control 8m. 7m. Control 3m. Control $m. Tm. Control 8m. 


1 88 82 42 82 40 59 O9 13 18 O8 19 08 O04 
219 25 88 18 80 80 80 27 20 17 58 O8 07 
8 22 24 24 15 26 26 86 238 24 16 44 O8 10 
4 2 25 20 17 18 20 86 27 20 18 82 06 11 
5 18 26 26 15 26 29 27 23 21 20 85 08 190 
6 17 20 26 09 20 29 29 14 20 19 29 08 08 
Total 192 152 176 106 160 193 16-7 127 128 88 212 21 45 
m 1 
2 22 22 29 21 80 25 80 18 28 15 41 os 08 
8 26 15 21 18 Bl 28 B88 17 25 18 45 s 06 
4 28 17 @1 16 22 87 82 16 35 2˙4 41 OF LI 
5 18 16 20 20 19 82 80 19 26 16 85 O4 09 
6 18 15 22 12 25 B82 22 17 28 417 82 O 10 


1 28 S81 47 %SL 71 42 883 283 86 O8 21 0˙2 O1 0-4 
2 17 28 27 26 865 29 84 17 «88 %O9 25 O8 02 166 

8 17 #28 27 O98 82 27 29 25 28 24 27 09 12 2˙4 

4009 25 @1 16 28 17 #82 24 25 21 3˙6 10 14 2˙2 

5 16 28 15 20 27 @1 21 #28 0˙9 1:2 1-7 

6 17 #26 25 O9' 28 27 #%17 «21 $417 «28 09 14 

Total 99 156 168 106 200 15°83 182 127 169 93 165 44 55 9°6 

1 22 24 48 84 50 28 80 19 11 O86 OL O02 O8 OF 

210 21 29 28 21 26 27 25 G1 17 18 O8 s OF 16 

8 16 22 19 27 29 22 27 24 85 10 28 O8 O8 O8 18 

416 15 28 29 18 25 12 20 26 17 «22 OF O09 O8 22 

5 O08 15 28 22 22 20 28 18 25 17 19 O98 15 09 18 

6 O09 15 21 25 21 20 26 18 @1 17 26 10 OF OF 20 

Total 81 112 153 160 161 141 145 124 169 79 113 87 49 42 101 

M 1 26 17 #27 #26 56 26 13 18 —* OF OL O8 O6 

2 08 18 19 81 81 19 24 19 27 — 17 O08 98s OFf1 bil 

8 17 21 22 27 23 28 27 14 83 — 17 OF O8 06 16 

4 26 141 90 236 19 #26 12 26 — 10 O08 O08 16 

5 17 10 21 28 24 22 %19 14 24 — 22 10 OF O09 LS 

6 14 24 28 17 «+218 #24 21 25 — 18 O86 9 20 

Total 94 4 188 165 177 112 1398 77 153 — 96 87 32 385 84 


1 Ergogram incomplete; drum clockwork out of order. 

2 Perhaps incomplete; weight lifted beyond scale, four minutes occupied in readjustment 
(eee p. 448, footnote 2). | 

Through a breakdown in the ergograph after Set I the first two intervals were of an 
hour's duration and the last set was omitted. 


* * 
No 
. dose 
T 1 480 80 41 S12 25 26 11 O8 08 02 06 OF 0˙2 0˙1 O1 
2 156 16 #88 24 82 384 #18 «146 09 183 O8 O8 O8 
9 29 28 18 #283 2˙3 86 24 81 17 28 07/7 O68 O8 
4 17 28 21 16 28 28 82% 25 26 22 27 09 O9 OF OF 4 
5 17 27 16 12 20 24 5˙1 22 19 23 29 +O8 09 O8 O65 3 
6 28 16 #12 «214 «265 2˙1 17 21 42 Os O8 
Total 145 140 149 108 13°7 160 183 11:3 11˙2 94 140 89 88 29 26 | 
O1 08 
07 0˙7 4 
10 0˙9 
18) 
17 
16 11 
64 6˙4 
03 06 
09 10 
09 10 1 
08 09 
09 0˙9 
08 14 
Total 131 114 166 109 162 199 196 105 17˙0 98 225 29 48 46 &8 


t I 908 Jo uo snyureddy , 
I 908 Jo yno snyereddy 


(069) (2z9) (exe) (989) (9¢9) (eos) (269) (tot) (ess) (619) (erz) (699) (009) (009) 
GH LSI „ot SFT FST SST FBI GPT LET GST 9.61 OFT 


(ex) (1s) (6) (ee) (tz) (or) (ror bes) (ov (es) (ez) (ex) (cs) 606 
6T I 9.5 1-8 9. 7.6 cht 8-T Ls I-58 LT 8. 5 LT 6-1 08 81 NL. 


(99) (08) (ort) (ez) (6) (es) (oe) (ttt) ds) (tor) (eon) Got) (zt) Us) (2) od 
6-1 5. 6T 0-% ⁊· 5 Lé 1· 9-8 6-1 9.8 5. 5 0-% 1&8 G 


(oz) (te) (rrr) (86) (96) (tor) (oct) (66) (orn) (ie) (6) (42) (ort) (on) (ort) (es) 
„t 6 GI OF GI O98 PS CS GI FE OF CE LE FE FE HE 


(6s) (68) (oct) (os) (cer) (ocr) (901) (st) (96) (ee) (zor) (96) (er) (66) (os) (ett) 
GI 16 98 LE LE 68 GI GCI 98 G6 26 88 FE FE 8 


(ez) (oct) (zor) (ett) (6ot) (ot) (oer) (get) (sor) (tt) (901) (eet) (ost) (66) (tet) (ett) (86) 


(sor) (tt) ee) (Get) (cot) (ezt) (ent) (rer) (eet) (gor) (tet) (ror) 
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in the two conditions the experiment has been divided into two halves. 
The work for the first six days and that for the last six days have been 
taken separately—the average daily work under the different doses 
being shown for the first half of the experiment in Table II, for the 
second half in Table III. 

In order that the drug effects may not be concealed by the changes 
in capacity from day to day, the figures of any day are referred to the 
first set of that day as a standard, the relative rise or fall being thus 
obtained. The first set is taken as 600, so that the average ergogram 
in that set is always 100—the figures are given in brackets in Tables 
II and III. This device is due to Dr Rivers and is here greatly 
preferable to the comparison of all ergograms with the initial ergo- 
gram of the first set, more especially as in this experiment the early 
ergograms of a set are subject to abnormalities to be described later. It 
has this disadvantage, however, that the later ergograms of the supposed 
normal set may be influenced by the dose taken between the first and 
second ergograms. 

Unfortunately no accurate data can be given as to the rate of 
absorption of the strychnine taken; it is known that it is slow in the 
stomach and rapid in the intestine, so that the absorption depends 
chiefly on the rapidity of passage from the stomach. 

The first set occupied as a rule about twelve minutes afte? the dose 
was taken; the time was never less than eleven minutes. Many 
different experiments have shown that a period of from five to ten 
minutes is long enough for some drugs, such as potassium iodide, to 
reach the general circulation and even to be excreted in the saliva, 
urine, ete, in quantities large enough to be recognised. We might 
therefore expect that after ten to twelve minutes the tracings would 
show some effect of the strychnine. 

Glancing at Table I we see that the first set of July 25 is about 
normal in size as compared with those of previous days (ie. days on 
which no dose was taken) but slightly larger than those of the 
succeeding days. 

That of July 28 is rather larger than normal. Compared with the 
surrounding days, August 2nd is considerably larger, and possesses the 
peculiarity of a sudden increase in the last ergogram, which cannot be 
referred to any external cause. This set lasted in all 14 minutes, 
owing to a large number of submaximal contractions. There is some 
possibility, therefore, that this is a strychnine increase. The first sets of 
the later days of the experiment, however, show a tendency to increase 
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with the progress of the set, but much stress cannot be laid on 
variations of this kind, as relatively large differences are possible under 
conditions outwardly the same. The differences in the first and following 
sets of the two days when no dose was taken (viz. July 23 and 24) form 
an extreme instance of this kind of variation’. 

We see, therefore, that although the possibility of a drug effect in the 
first set of any day cannot be excluded, yet it is by no means certain. 
Moreover, if present it would merely serve to diminish the apparent 
amount of the increase due to the drug—so that the percentages given 
may be taken to represent not unfairly the real course of events. 

The percentages shown at the foot of Tables II and III are 


Number of Cont radio 


Work 
I 
Fig. 1. Percentage figures to show the effect of strychnine on sets of ergograms. I for 
the first half, II for the second half of the experiment. 


P, control mixture; O, 1-8 mgm. dose; R, 42 mgm. dose, The arrow shows when 
the dose was administered. 


1 It is very unlikely that such large differences would occur on succeeding days, owing 
to improvement in training and method. 
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graphically represented in Fig. 1 (the numbers being divided by six for 
convenience). 

Taking those dealing with the smaller dose of strychnine—1'8 mgm. 
—we see that, compared with the normal curve, the work done (in the 
earlier set of days) is increased until set IV, there being a slight fall in 
set III (due to one only of the two days concerned when the conditions 
were not quite normal). The figures are as follows. The first set being 
taken as 600, there is an increase in the second to 688, a slight fall in 
the third to 639, a big rise in the fourth to 803 which falls again in the 
fifth and sixth sets to 685 and 590 respectively, the latter being below 
the normal. The greatest rise therefore is in the fourth set, in which 
alone is the absolute amount of work done definitely greater than on 
the normal days. Now the stronger dose shows a similar but smaller 
rise. It attains its maximum in the second set instead of in the fourth 
set and gradually falls to a condition much more below normal than the 
original increase was above it. There is in fact a rise in the second set 
to 712, then a gradual fall through 701, 636, 573, to 479 in the last 
set, both the fifth and sixth sets being much less than the normal 
amounts, which are 682 and 677 respectively. 

The curves above that for work in Fig. 1 represent numbers of 
contractions and average height (that is the total lift divided by the 
number of contractions), both treated in exactly the same way as the 
figures for work. The curve of the number of contractions is practically 
a reproduction of that for work and shows that the increase and the 
decrease are mainly due to alterations in the numbers of the contractions 
in the ergograms concerned. At the same time the top curve (of the 
average heights of these contractions) shows that the initial rise for 
both doses, and the second or continued one for the weaker dose, are 
associated with some increase in length, while the final fall is similarly 
associated with a slight decrease. Whether this effect is more than is 
that due to the different proportion the usual end fractions bear to 
the whole number of contractions in a longer and a shorter ergogram 
respectively is difficult to say, but probably there is some drug effect. 

The condition of things in the second half of the experiment is 
different, but here again there is at first an increase followed by 
a decrease. The percentage figures for the weak dose show an increase 
reaching its maximum in the fourth set (Fig. 1 and Table III), the total 
being 829 to the normal 786. The absolute amount of work done is 
however below that of the normal day throughout. 

The stronger dose has its maximum in the second set, with the 
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tremendous increase from 600 to 1127 (the normal being 491). The 
absolute amount of work for this and the succeeding sets (III and IV) 
is very much larger than that for the corresponding totals of either the 
control or the small dose, being for the second set 13°8 to 7°1 and 
kgm. respectively“. 

Following on the increase with both doses of strychnine is a depression, 
but while that for the strong dose is more than that for the weak one, 
the difference is much less than that in the first half of the experiment. 
The amounts are subnormal in the fifth and sixth sets. 

It must be remembered that the absolute increase in this half is 
very much smaller than that in the earlier days though relatively 
larger. Also associated with this there is great irregularity of the work 
in the later days. 

The most pronounced difference between the two groups is seen on 
inspection of the curves for numbers of contractions, and the average 
heights, The number of contractions is increased slightly at first and 
falls in both cases below normal immediately after. The average 
heights on the other hand are very definitely above normal for the 
remainder of the experiment and for sets II—IV enormously above— 
with the strong dose. 

This means that though slightly due to increase in the number of 
contractions, the real source of the gain in the power to work is in the 
obtaining of larger contractions, while when the reaction sets in giving 
a smaller efficiency, the amount is saved from a greater fall by the 
continued condition of the improved length of contraction. 

The effect of the strychnine is not to increase the contractions to 
normal dimensions, but to restore them from an extremely reduced 
condition to something approaching normal. 

The process by which they have become reduced is a gradual one 
and is associated with the diminution in muscular capacity, both 
illustrating the cumulative effect of the doses used. 

The amount of work possible seems to diminish after the first strong 
dose of strychnine ; the total for the first set of the 26th July is smaller 
than those for previous days. There is some recovery on the 27th July 
and on the 28th. The totals for the 29th July are larger than for any 
other day during the experiment. On this day, however, a new 


Set I for the strong dose will be noticed to be larger than that for the other doses. 

® The size of the first set of ergograms is abnormal from the fact of a disturbance 
occurring in the 4th of the set, thus giving a slightly incomplete ergogram but a large 
increase in the 5th and 6th due to the mental stimulus of the disaster. 
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condition is found in the arrangement of the work in the set. Until 
this day (July 29th) each set of ergograms, almost without exception, 
runs a similar course. The first ergogram is the largest often by a 
considerable amount — and the following five with more or less regularity 
tend to grow smaller. The 29th July, however, begins its first set 
with a small ergogram (Table I) and improves in the second, and again 
in the third. 

The second set is similar, with an increase to maximum at the third 
ergogram. The same condition obtains in set VI, but the intervening 
sets are after the old pattern. 

This condition becomes more noticeable from day to day and the 
progress from a minimal amount (0°2 kgm. for example) up to 2°0 kgm. 
or more may occupy four ergograms, as in set I of the 30th July, or in 
extreme cases even five, as in set I of the lst Aug. 

There is a slight suggestion of the beginning of this process in the 
first sets of July 27th and 28th, but it is only marked on July 29th. 


Fig. 2. 4, a normal set of six ergograms. 
B, showing the effect of strychnine on the first ergogram of the set’. 
C, showing the extension of this effect to the later ergograms of the set. 


It becomes more prominent with the course of the experiment, 
until the total becomes minimal throughout the whole set. The old 
condition persists longest in the central sets of the day, ie. after 


1 The 1°8 mgm. dose was taken after the first ergogram of this set, but, as explained 
earlier, was probably without effect on the work done in the set, so that A, B and C may 
be considered free from any immediate external stimulus. 
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considerable practice has been obtained but before fatigue has 
definitely set in. Thus it is seen in sets III, IV, V of the 29th of 
July (Table I): III, IV of July 30, III of the 31st July with equality 
of ergograms 1 and 2 if not predominance of the former. 

Even the stimulus of the drug is unable to reproduce the old 
condition in the second set of Aug. 2nd and 5th. 

Associated with the increase in this condition is the decrease in work 
done which follows the administration of the 4°2 mgm. quite accurately, 
the third time (Aug. 2) leaving only a minimal capacity (Aug. 3—5). 

There is also a change in the contractions, which become minimal, 
so that their number falls off much less than the amount of work done. 
This is similarly progressive and two stages are shown in Fig. 2. 
Subjectively there was a feeling of great incapacity, one can hardly call 
it weakness, there seemed to be plenty of power present, but a some- 
thing lacking which by its absence prevented the power from becoming 
effective. The weight seemed intolerably heavy. This wore off as the 
day progressed, but later the whole business became very laborious, 
though there was no muscular fatigue in the ordinary sense. There was 
no feeling of increased muscular tone. 


SUMMARY. 


From the above description it will be seen that there is an imme- 
diate and a cumulative effect of strychnine taken in doses of 3 and 
7 minims of liquor strychnine hydrochloridi (18 and 42 mgm. of 
strychnine hydrochloride). 

The immediate effect is to produce an increase in the capacity for 
muscular work. With the smaller dose the increase is gradually 
produced with its maximum about three hours after its ingestion. With 
the 4°2 mgm. dose the maximum is obtained in about half an hour. In 
either case a fall follows and the capacity becomes subnormal—a condi- 
tion which continued until the end of the experiment, a period of con- 
siderably over five hours. | 

The cumulative effect shows itself in a great diminution in muscular 
capacity which is to a certain extent gradual, but which reaches its 
final stage suddenly after the third strong dose (Aug. 2). 

This diminution is mainly due to a shortening of the individual 
contractions, and is seen first in the initial ergograms of the various sets, 
but more especially in the first and last sets of a day’s work. It then 
spreads until the totals are minimal for the whole day. 
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The increase in the work done which is the immediate result of a 
dose of strychnine, is produced differently according as it is taken early 
or late in the series of days. The early doses effect an increase by 
adding to the number of normal contractions made. The later doses 
tend to increase the submaximal contractions to their normal condition, 
though their number is also somewhat augmented. 

Strychnine acts essentially on the spinal cord and medulla; indeed 
it is remarkable that its action is so clearly defined on this tissue alone, 
for even in poisonous doses it does not appear to affect the cerebrum 
or peripheral nervous structures. Moreover we now know that the 
drug acts peripherally on the sensory or receptor cells, through which 
it may be regarded as producing a change whereby impulses can pass 
through more easily and, instead of being localised to a relatively few 
efferent nerves, may break down the resistance, so as to spread to all 
efferent fibres supplied from the spinal cord. I conclude then that the 
effects described are produced by the action of strychnine in diminishing 
the resistance to afferent impulses on the sensory side of the cord. The 
after effect may be due either to a poisonous effect of the drug or to 


pure fatigue. 


My cordial thanks are due to Dr W. H. R. Rivers for his constant 
help and advice during this work, as well as to Dr W. E. Dixon for 
kindly preparing the solutions used. 
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1. HUISTORICAL. 


THE chemical investigation of muscle was started by Liebig” in 
1847 when he published work describing the effect of fatigue on 
muscle. He found that muscle work increased its contents of creatin 
so that those muscles which performed most work contained the most 
creatin. At this time he performed the classical experiment of the 
hunted fox, in muscles of which he found ten times the quantity of 
creatin present in the muscles of the resting animal. 

Since Liebig’s time many physiologists have worked on creatin in 
muscle and their results have been widely different. Sarokow” 
found that resting muscle contained twice as much creatin as creatinin 
and that the result of work was to increase the creatin and at the same 
time to change some of it to creatinin. It was stated by Sczelkow ® 
that tetanus produced an increase, rest a decrease of creatin in muscle, 
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also that different groups of muscles contained different quantities of 
creatin. Nawrocki “ found on the contrary that different muscles of 
dogs contained the same quantities of creatin, also that in dogs and 
frogs there was no difference in the resting and tetanised muscle. 
The results of Voit w were again different. He decided that tetanus 
produced a decrease of creatin in frog’s muscle, while the total quantity 
of creatin and creatinin was not increased. He thought that the 
creatin was changed during muscular contraction to another substance 
not identical with creatinin. 

Thus far, the work mentioned was performed in the sixties of last 
century. Of more recent workers on the direct muscle, Monari “ 
stands out, and his results have up to the present been regarded with 
greatest favour. His results will be dealt with in greater detail later 
Suffice it to say now that in fatigued dogs he got a large increase of 
total creatin and creatinin and at the same time a most marked conver- 
sion of creatin into creatinin. 

Many experimenters have attempted to elucidate the life history of 
creatin and creatinin in an indirect manner by finding the effect of 
different bodily conditions on the creatinin output in the urine. Here 
again results are very variable. In the urine of a dog that had run for 
eight hours, V oit found no increase of the creatinin. In men, however, 
the performance of work produced an increased creatinin excretion. 
Meissner” examined the urine of a dog which had run for five hours, 
and found a decrease in creatinin on the day of exercise, with a corre- 
sponding increase the next day. Taken together the exercise produced 
no increase of creatinin. Working on men, K. B. Hofmann “ only 
got an unsteady creatinin excretion having no evident relation with 
the work performed. P.Grocco™ found that the creatinin output in 
men was greater on the day of exercise than on the following day. 
Moitessier ™ found that the creatinin excreted was always larger on a 
day of work than on a resting day. Living on a creatinin-free diet 
Gregor decided that muscular exercise increased the creatinin out- 
put. These experimenters and many others used the Neubauer method 
of estimating creatinin. 

Making use of Jaffé's colour test for creatinin, Folin % in 1901 
introduced a cdlorimetric method for estimating this substance. The 
creatinin excreted he regards as of two different modes of production—one 
part exogenous, which is taken in with the food, and a second portion 
endogenous produced in the metabolic changes in the life of the cell. 
He regards the endogenous creatinin as being a measure of true meta- 
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bolic changes in the tissues, since it is constant in each person and 
varies almost proportionately as the weight of the individual. 

Folin’s method of estimation has been widely adopted for creatinin 
estimation in urine. 

Van Hoogenhuyze and Verploegh ™ carried out a large series of 
experiments to investigate the effect of exercise on nitrogenous meta- 
bolism particularly in regard to creatinin. Whereas they found a close 
relation between the excreted urea and the intaken proteid, the excreted 
creatinin showed no such agreement. When eating a sufficient diet— 
creatinin free—strenuous work did not affect the creatinin elimination. 
In the case of a subject who was doing a fast for 14 days as a public 
exhibition, on the 10th day performance of muscular work produced a 
small rise of creatinin excreted. Van Hoogenhuyze and Verploegh 
therefore came to the conclusion that muscular work only produces an 
increased elimination of creatinin when “ the body is forced to live at the 
cost of its own tissues.” The metabolism of the starving subject seems 
certainly very much modified from the normal condition, the uric acid 
and creatinin excreted being very low compared to a person on a 
creatinin-free diet. Van Hoogenhuyze and Verploegh suggest that 
the intensity of living is in this case very low, being accompanied at the 
same time by a low creatinin production. 

Working on a dog which was fed on oatmeal and milk Noé! Paton ™ 
found a relation between the creatinin excreted and the intaken proteid. 
Dorner experimenting on a dog found the addition of fibrin to the food 
raised the output of creatinin, although flesh freed from creatin did 
not do so, It is questionable however whether these results of Van 
Hoogenhuyze and Verploegh, Nosl Paton and Dorner indicate 
that the increased creatinin comes directly from proteid. It no doubt 
simply implies an increased metabolism, affecting all the organs of the 
body and therefore that organ responsible for the formation of creatin or 
ereatinin. 

Another experimenter, Koch dn, has suggested the hypothesis that 
creatinin is a measure of metabolic change of the methyl group and 
that the methyl groups of lecithin and cephalin can all be accounted for 
by the methyl groups of creatinin excreted. This hypothesis would 
have to be put to much greater proof than it has up to the present 
experienced before being accepted, but it is valuable in that it suggests 
a method of investigating the precursor of creatinin in the body. 
The methyl group of creatin has received attention from Czernecki, 
Jaffé and Dorner. The increased excretion of creatin after glyco- 
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cyamin feeding, obtained by these observers, may indicate that creatin 
is normally ſormed by the methylation of glycocyamin. 

Recently, work has been done on the urinary creatinin by several 
workers, among whom may be mentioned Klercker® and Closson™. 
Both these men confirm Folin's conclusion that the endogenous 
creatinin elimination is constant despite varying nitrogenous intake of 
creatin-free food. Also that the quantity excreted appears to be 
quantitatively dependent on the body weight” 

Considering the amount of research being carried out on creatinin 
eliminated under various conditions of diet intake and energy output, 
it was thought well after having tested the colorimetric method of 
estimating creatin as creatinin, to go to the root of the matter like the 
earliest researchers and to experiment with the muscle direct. 


2. METHOD OF ESTIMATION. 


At the beginning of this research, the idea was to confirm Folin's 
colorimetric method of estimation by isolating creatinin from urine 
and comparing the weight of the isolated substance with that calculated 
from the colorimetric reading, The necessity of this kind of confirmation 
was felt because of the belief that a colorimetric estimation of pure 
creatinin would be quite different from the result of an estimation of 
urinary creatinin. 

An endeavour was made to estimate creatinin in urine by the 
Neubaver™ method. This consists of the addition of Ca(OH), to 
urine, evaporating the filtrate and making it up to an 80 per cent. 
alcoholic solution. To this solution alcoholic zinc chloride is added and 
the precipitated creatinin-zinc chloride compound is weighed. This 
method was quickly found to be impossible. The alcoholic solution after 
standing in a cold place for several days was generally found to contain 
a great deal of creatinin. In one case as much as ‘26 gr. of creatinin- 
zine chloride was further precipitated from the filtrates after the appli- 
cation of the Neubauer method. Many other criticisms of this method 
of estimation might be made but as it now stands generally condemned, 
even if only because of the amount of controversy which it has brought 
about, it will be sufficient to say that I feel no confidence whatever in 
the results of all the older workers who used this method. As for 
those experimenters who deduced the quantitative relation of creatin to 
creatinin in muscle using this method of estimation, their results must 
be quite wrong. In the first place the solutions used are always made 
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alkaline and secondly, as will be seen later, even where acid and 
alkali never approach the extractives, mere boiling converts creatin to 

An attempt was made to improve this method by making the final 
alcoholic solution as nearly absolute as possible. Creatinin itself is almost 
insoluble in this strength of alcohol but creatinin hydrochloride is very 
soluble, A few drops of hydrochloric acid added to the alcohol quite 
easily dissolve a large quantity of creatinin. The difficulty then was to 
get creatinin precipitated from such an acid solution as the zinc chloride 
compound, For thecrystallisation of this compound, the liquid must be 
perfectly neutral and the base added to neutralise the liquid must not 
have an insoluble chloride. Lithium carbonate was tried, and although 
the creatinin could then be precipitated by zinc chloride, the solubility 
of the creatinin-zine chloride in alcohol was increased by the presence 
of lithium chloride. 

Another effort was made with similar results. The creatinin-hydro- 
chloride-zine chloride compound is precipitated from strong alcoholic 
solutions by the addition of sodium acetate as creatinin-zinc chloride. 
In this case also it was found that the solubility of the creatinin-zinc 
chloride compound in alcohol was increased by sodium acetate to 
such an extent that the method would be useless to test the colorimetric 
method. 

Experiments were made to test the reliability of the creatinin 
estimation on the principle that a double salt is formed by creatinin with 
mereuric chloride. This salt is obtained by adding to the urine h its 
volume of sodium acetate and } its volume of mercuric chloride. The 
first precipitate formed is composed of organic bodies and urates. Tbis 
is quickly filtered off and on standing another precipitate containing the 
creatinin compound develops in the filtrate. This method was also 
found to be impracticable because (1) the first precipitate contains also 
creatinin, (2) the final filtrate contains much creatinin. 

After the failure of the efforts to get any method of 3 
creatinin with sufficient accuracy to be used as a standard, it was decided 
to test the colorimetric method directly by altering all the conditions to 
which it was subjected. Such conditions as the presence of other bodies, 
organic and inorganic, temperature, time relations, quantities of picric 
acid, caustic soda and creatinin, and the volume of these dea were all 
tested. 

Organic and Inorganic salts. Colorimetric estimations of creatinin 
solutions were made to which were added bodies which might be found 
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in the urine. Such substances as urea, dextrose, sodium chloride, calcium 
chloride, sodium phosphate acid and normal, were added singly and 
together to pure solutions of creatinin. The colorimetric readings were 
never affected when reasonable quantities of these bodies were present. 
Sodium acid phosphate has a marked action on the developed colour but 
the quantity required to produce this action is not likely to be found 
in urine. In the curves of Fig. 1, where the relation of the colour 
produced to creatinin present in solutions of A pure creatinin, B muscle 
extracts, O urine, is shown, it will be seen that in the case of concentrated 
urine there is a little departure from the curve obtained with pure crea- 
tinin. This is no doubt due to the other bodies present in the urine. — 

Temperature. Folin stated that it was necessary to have the water 
which is added to the reagents at a constant temperature and Van 
Hoogenhuyze and Verploegh also took this precaution. It is of 
great importance that the reacting solutions—the creatinin solution, 
picric acid and caustic soda—should always be used at the same 
temperature. A difference of two or three degrees temperature in 
these reacting fluids is sufficient to spoil any result in the experiments 
on muscle, | 

Time relations. Although five minutes is the regulation time for 
allowing the reacting fluids to stand before dilution, a certain amount of 
latitude is not unsafe. For instance, in one experiment there was no 
difference in the colorimetric readings when the reacting fluids were 
allowed to stand three, five and nine minutes. The final colour after 
dilution fades away in time, but a reading taken within a quarter of 
an hour after dilution can be made with safety. 

Quantities of picric acid and caustic soda. The solutions used are 
saturated solution of picric acid, of which 15 c.cs. are added, and 5 c. cs. 
of a 10 per cent. solution of caustic soda. Here again no great accuracy 
is necessary. The colorimetric reading was the same when 15 as when 
12 c.cs. of saturated picric acid were added. In the case of caustic soda, 
similar readings were obtained when 10 and 3 dcs. were added to the 
reacting fluids. 

Varying quantities of creatinin. Other experimenters have worked 
at Folin’s recommendation between depths of solution in the colori- 
meter of 5 to 12 mms. and between these points have regarded the depth 
of colour as varying directly as the amount of creatinin. It was found 
cumbrous to have constantly to alter solutions of meat extract until 
they gave the readings between these numbers. Consequently it was 
decided to draw curves (cp. Fig. 1) representing the variation of depth 


* 
¥ 
7 
* 
i 
ig 
4 
8 
* 
4 
< 


CREATIN AND OREATININ. 453 


of colour with varying quantities of creatinin so that the amount of 
creatinin in solution can be immediately read off as soon as the depth of 
colour has been determined. 

The estimation of creatin as creatinin in muscle. It was thought at 
first that much of the differences in the results of previous workers on 
creatin in muscle was probably due to the same cause as the differences 
found’ in the amount of lactic acid, viz. the improper methods 


Fig. 1. Curve showing the variation of depth of colorimetric reading with differing 
quantities of creatinin, in 
4. Pure watery solutions. © points. 
B. Meat extract as used throughout the research. © points. 
O. Urine. X points. 
Abscisse represents colorimetric readings in millimetres. 
Ordinates represent weight of creatinin in milligrams. 
employed in killing the muscle before extracting it. Consequently in 
all the earlier experiments the muscle was quickly killed after severance 
from the bone by grinding finely in alcohol. It was however afterwards 
found that there was no difference in the creatin contents if the muscle 
were straightway extracted with water. After grinding in alcohol, the 


1 Vide Fletcher and Hopkins, Journ. of Physiol. xxxv. p. 251. 1907. 
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alcohol was poured off and a watery extract of the muscle made by 
adding four lots of water to the muscle and filtering the last two extracts 
through muslin. Tie alcoholic and watery extracts were then added 
together and evaporated down to dryness. To get rid of proteids previous 
experimenters have boiled the watery extract, but this method was found 
cumbrous, especially when other colloidal matter in the solution pre- 
vented rapid filtration, and it appeared better to evaporate the extracts 
to dryness and then extract with 75 percent. alcohol. This dissolved up 
all the creatin and creatinin and left behind the proteids and most of 
the salts. This alcoholic extract after evaporation was made up to 
a certain volume generally 150 ces. and filtered; a certain proportion 
(i.e. 100 cs) of the filtrate was evaporated down on the water bath and 
made up to 50 Ces. with water. The creatinin, formed from creatin, 
was estimated in quantities of 10 ces. of the solution by the colori- 
metric method. 

In order to convert creatin to creatinin the method of Folin was 
adopted, that is, 10 c.cs. of the original solution were allowed to stand at 
90° C. with 5 ccs. of normal HCl for 5 hours, the volume being kept 
constant. This method of conversion is quite efficient and no further 
change takes place if the heating is prolonged for days so long as the 
volume remains constant. If it is allowed to concentrate much, the 
HCl breaks up the creatinin. One other point in connection with 
colorimetric work on meat extracts must be mentioned. After conversion 
of creatin to creatinin in the test tubes the volume of the reacting 
fluids must not be increased by washing out the test tube with 
water and then pouring it into the measuring flask. The development 
of colour depends to a large extent on the volume of the reacting fluids, 
that is, of meat extract, picric acid and caustic soda. It is also necessary 
to neutralise exactly the acid which has been used to effect the change 
of creatin to creatinin. 

Work was done for the estimation of creatinin on the residues 
of frog’s muscle used by Dr Hopkins and Mr Fletcher after the 
extraction of lactic acids. The results obtained were very perplexing 
and after much labour it was eventually discovered that boiling with 
animal charcoal—a very necessary step in the estimation of lactic acid 
in some way removed creatinin. For instance 10 c.cs. of solution con- 
taining 14 mgrs. of creatinin after heating on water bath for half an hour 
with 2 grs. of charcoal contain only 3 mgrs. of creatiuin. Whether 
the charcoal adsorbs the creatinin or not is not known but an effort to 
recover it by boiling the charcoal with 3 per cent. acid was unsuccessful. 
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Finally it may be said that great reliance may be placed on the 
colorimetric method of estimating creatinin so long as the conditions 
are kept rigidly constant. The results of experiments detailed later in 
the paper will certify to the efficiency of the method. At the same time 
great practice is needed in matching the colours accurately, and even 
when this accuracy is attained there is still great opportunity for the 
personal equation to assert itself. 


3. THE STABILITY OF CREATIN IN MUSCLE. 


(a) The alleged presence of creatinin in muscle. 


The presence of creatinin and its relative proportion to creatin in 
muscle has been a source of considerable discussion since the time of 
Liebig. | 

Heintz regarded creatinin as produced from creatin in the 
manipulation of the muscle by the action of the acids. Liebig did 
not agree with Heintz’s conclusion since (he stated) a mineral acid 
equal in concentration to the organic acids of meat could not convert 
creatin to creatinin even when heated. Sarokow® found that resting 
muscle contained twice as much creatin as creatinin, and that muscular 
work caused a conversion of creatin to creatinin. Voit “ found 
‘0666 per cent. creatinin in frog’s muscle, 0197 per cent. in calf’s 
muscle, and 0384 per cent. in heart muscle. Contrary to previous 
observers, Borszezow™ and Johnstone said that only creatinin 
was present in muscle but that some is changed to creatin in the 
manipulation required for isolation of the substance. Monari “ found 
‘066 per cent. creatinin in the resting muscle of a dog. 

The result of research on this point by the author is that creatinin 
is quite absent from resting muscle of all animals examined. 

As has been already stated the method employed throughout the 
early work of this research in dealing with the muscle has been first to 
grind it up finely in 95 per cent. alcohol, and then after having poured 
off the alcohol a watery extract of the residue has been made ; the two 
extracts being then added together and evaporated down to dryness. 
Using the colorimetric method in the residue there are found equal 
quantities of creatin and creatinin. If, however, the alcoholic extract 
alone be evaporated down and taken up with water no trace of 
creatinin can be found by the Jaffé colour reaction. If, now, the 
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requisite quantity of HCl be added to this solution and heated, 
quite a considerable amount of creatinin can be found. For instance, 
the alcoholic extract of 45°4 grs. of resting frog’s muscle were evaporated 
down and made up to 30 ccs. with water. This solution gave no 
evidence of the presence of creatinin, but when heated with HCl for 
some hours 60 mgrms, were found to be present. 

Neubauer and Nawrocki assert that merely boiling in water 
changes creatin to creatinin. Monari “ found that by boiling together 
concentrated solutions of creatin and potassium acid phosphate, both of 
which he prepared from muscle, then on neutralising with NH,, adding 
ZnCl, and filtering off the zinc phosphate, he could recognise micro- 
scopically the zinc chloride creatinin compound, That is, he found 
that potassium phosphate converted creatin to creatinin. 

In consequence of this, an effort was made to find in muscle a 
substance soluble in water and insoluble in alcohol capable of con- 
verting creatin to creatinin with ease. No such substance could be 
found, and the whole explanation of the presence of creatinin in watery 
extracts of muscle, and its absence in alcoholic extracts, depends on the 
lower temperature and the shorter time required by alcoholic solutions 


in evaporation. 


One other possible explanation, viz. that alcohol might destroy 


creatinin in muscle, was found not to be the case. For instance, 
rabbit's muscle allowed to stand a week under alcohol had as much 
creatin (estimated as creatinin) as muscle estimated direct. Also after 
dissolving pure creatinin in alcohol, allowing to stand for a week 
does not affect the colorimetric reading. 

From the above considerations it is seen that the absence of 
creatinin in alcoholic extracts of resting muscle signifies the complete 
absence of this substance in such muscle. 

The presence of creatinin in fatigued muscle must be considered 
separately because of the agreement of previous workers, particularly 
Monari, that there is a conversion of creatin to creatinin when muscle 
does work. 

Monari’s® results confirmed those of Sarokow and Ranke, and 
his figures are so striking that little doubt was felt as to the truth 
of the fact that abundant creatinin is present in fatigued muscle. 
As regards creatin, Monari’s experiments give inconsistent results 
but they always show a considerable increase of creatinin after 
fatigue. 

In order to test Monari’s results, I have estimated the amounts of 
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creatin and oreatinin in fatigued rabbit’s muscle’ by the colorimetric 
method: 

(a) By directly extracting the muscle with alcohol and water as 
previously described. 

(6) After isolating the creatin according to Monari’s method and 
then estimating the creatinin in the filtrate. 

Both sciatic nerves of an anesthetised rabbit were dissected out 
near the cord and stimulated for two hours, after which the raboit was 
bled to death. As regards (b) treatment, 175 grs. of muscle were 
extracted with water and the extract boiled to coagulate proteids. 
To the filtrate basic lead acetate was added in small excess to 
precipitate phosphates and the excess of lead got rid of by H,S. 
The final solution was evaporated down to a thick brown solution, 
allowed to stand three days in a cool place, and the precipitate 
collected on a weighed filter paper. The weight of the precipitate 
was 605 Fr. This creatin precipitate was dissolved in water, con- 
verted to creatinin and estimated colorimetrically and only 306 gr. 
creatinin was found. It is evident, therefore, that about half of the 
first precipitate, supposed by Monari to be almost pure creatin, was 
composed of bodies other than creatin. 

Monari estimated creatinin, after the separation of creatin, by the 
Neubauer method, but this has been already shown to be unreliable, 
and it was not proceeded with. Examined colorimetrically the mother 
liquors contained 350 gr. creatinin. This creatinin was no doubt 
form creatin, for in addition to the large amount of boiling 
necessary for evaporation, the muscle extracts could not be kept neutral 
owing to their amphoteric reaction. 

In the examination of the rabbit’s fatigued muscle according to 
treatment (a), no creatinin was found in the alcoholic extract while 
the total creatin (estimated as creatinin) present was 43 per cent. 

Further, if water extracts of muscles be evaporated down under a 
vacuum below 40°C., no trace of creatinin can be found in muscle 
under any circumstances. 

From the above consideration, I conclude 

(1) That Monari’s results are unreliable owing to the 
opportunity afforded in his technique for the conversion of 
creatin to creatinin, as well as the impurity of his pre- 
cipitates. 


1 This experiment was kindly done by Dr H. K. Anderson. 
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(2) That creatinin is never present in muscle in quantities 
capable of detection, and that creatin is not converted to 
creatinin as the result of prolonged work. 


(6) The influence of survival and the contraction of 
muscle on oreatin. 

The next set of experiments were performed in order to determine 
whether isolated survival and prolonged work cause an increase of 
creatin in muscle. The prévious experiments on this point have 
already been referred to in the historical introduction, when it was 
seen that, whereas the original workers worked with muscle, more 
recent attempts have been made to solve the problem indirectly by 
finding the influence of exercise on urinary creatinin, on the assumption 
that creatinin excretion is the result of excessive creatin formation in 
the muscles. The following experiments were made on frogs and 
rabbits. 

The technique followed was that of Hopkins and Fletcher™. 
After being pithed and skinned the frogs are divided in the lower 
part of the abdomen so that the legs are separated from the body. 
The legs of the frogs to be stimulated are weighed in tens. The legs 
are then hooked on to each other, the hooks passing through each 
leg below the gastrocnemius, and the long strings of the legs of ten 
frogs are allowed to hang from a bar. A tetanising current is passed 
through the strings of legs which are made to lift weights of 100 grs. 
By means of an automatic arrangement the current is allowed to pass 
through the muscle for five minutes and then ceases for ten minutes 
and so on. When one lot of legs has been sufficiently stimulated, the 
muscles are carefully dissected off and the bones weighed, thus giving 
the exact amount of muscle ground up in alcohol. The estimation of 
creatin as creatinin is then proceeded with as previously described. 


2. Weights of Total 
A 45-4 grs. "255 p. o. Control. 
B 82˙9 2⁰ Stimulated in O, for 8 hours. 
0 39˙0 256 Stimulated in O, for 11 hours. 
D 45°9 27 Stimulated in N. for 5 hours. 
E 85-6 255 Stimulated in N, for 54 hours, 


In the following experiment 40 frogs were used. It being evident 
that whatever changes creatin underwent on stimulation were very 
small, it was thought well to have two control lots of muscle. 
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2. 
A 36 grs. ‘250 p. o. Control. 
80°6 “240 Control. 
0 30 2⁵⁸ Stimulated in O, for 6 hrs, 40 mins. 
D 29-1 “255 Stimulated in O, for 11 hrs, 45 mins. 
Temp. 18° C. 


At the same time as above an experiment was made to see if any 
development of creatinin could be observed when the frog’s muscles 
simply survived in oxygen. 


Exp. 8. E 34˙1 gra. 286 p. e. In oxygen for 7 hours. 
Oxygen bath at 18° C. 
F 26°1 266 In oxygen for 28 hours. 


Three lots of ten muscles were stimulated for an hour—three mins. 
stimulus and two mins. rest. Two of these three lots were then placed 
in oxygen for some time. Temperature throughout experiment 18°. 


Rap. 4. Muscle Creatinin 


weights estimated 
A 36°2 grs. “257 p. o. Control. 
B 30˙2 267 Stimulus 1 hour and then ground up. 
Cc 34˙0 264 Stimulus 1 hour. 9 hours 40 mins. 
in oxygen at 18°. 
D 26°6 261 Stimulus 1 hour. In oxygen for 
' 98 hours at 18°. 


Exp. 5. Two lots of muscles were again allowed to remain in oxygen. 


Weights of Creatinin 

muscle estimated 
A 86°2 gra. 257 p. o. Control. 
B 82-2 258 In oxygen at 18° for 11 hours. 
0 34˙1 254 In oxygen 254 hours. 


Muscles quite fresh at end of Exp. 


In the above experiments the creatin production may have been 
too small to be detected. In order, therefore, to afford every oppor- 
tunity for the detection of an increase of creatin in muscle, the 
following experiment, with frog’s muscle, was performed later in the 
year during cold weather. 


Exp. 6. Dec. 5, 1906. The legs of 50 frogs were allowed to survive three days at 9° C. 
in tubes through which oxygen was passed. 20 frogs’ legs were used as a control and 
estimated direct. The legs were divided into batches of 10, and the amount of total 
creatinin obtained as follows : 
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: Weight of muscle Creatinin estimated 
ground up (from creatin) 
A 285 p. o. 
B 84°6 289 
0 220 survival 
D 42:8 -222 
E 45°2 “217 
F 43-0 222 
G 87°38 235 


The muscles were quite irritable after the three days survival. 
The amounts of creatinin estimated in these frogs are low. Possibly the time of year 
influences the creatin in the muscle to some extent. 


The experiments on rabbits differ from the experiments on frogs, 
in that here the blood supply to the muscles was intact during the 
time of stimulation, while with the frogs the legs were isolated. 


Exp. 71. Rabbit. The sciatic nerve on one side was dissected out as near the cord as 
possible, cut and the peripheral end stimulated discontinuously for 14 hours: the first hour 
the nerve was stimulated for 10 minutes and allowed to rest 5 minutes. After this, stimu- 
lation last 8 minutes and rest 1 minute. The creatin contents of the resting and 
stimulated limbs were compared. 


Weights of Creatinin 
muscle found 
A 95°9 grs. “448 p. o. Control (leg muscle). 
8 26˙5 435 Control (back muscle). 
0 * 1097 436 Stimulated muscle. 


Eæp. 81. Rabbit. Both sciatic nerves were cut and the peripheral ends stimulated 
for two hours 


The creatinin (from creatin) estimated in a portion directly by the colorimetric 
method = 430 per cent. Control resting muscle=-440 per cent. 


It is clear from these two experiments on the intact muscle of 
rabbits that great muscular contraction does not influence the creatin 
content of mammalian muscle. | 

From a general consideration of all the above results it is seen: 

(1) That the performance of muscular work leaves creatin 
unaffected. 

(2) That the survival of frog’s isotated muscle, even for 
three days, does not increase the creatin content of muscle. 


* These experiments were kindly done by Mr V. J. Woolley of King’s College, Cam- 
bridge, and Dr H. K. Anderson, respectively. 

were made on this rabbit. 
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(c) The influence of autolysing tissues on creatin and creatinin. 

Schmidt-Nielsen™ found an increase of xanthin bases and 
amino-acids in the autolysis of the muscle of fish, but it is only quite 
recently that any work has been done to discover how creatin and 
creatinin bebave ‘during autolysis. 

Seemann ™ endeavoured to prove that the autolytic breakdown of 
muscle results in an increase in the creatinin content. Not only so, 
but if gelatine is added to the autolysing muscle, he found a still further 
increase of creatinin. Seemann’s figures, however, are both scanty and 
unsatisfactory. He reverted to the older unsatisfactory methods of estim- 
ation. It may be stated here that the colorimetric method of estimation 
Seemann describes as unworkable, owing to the rapid disappearance 
of colour, but, so far as I know, this is the first time the colorimetric 
method has been quite condemned by one working with it. Whatever 
value Seemann’s theory of the origin of creatinin may have, no great 
weight can be attached to his experimental facts. Before the publica- 
tion of his results, work had already been done by the author on 
autolysing muscles with quite negative results, In order to prevent 
the adverse effects of antiseptic bodies, such as chloroform and toluol, 
efforts were made to cut out muscle aseptically. In many cases the 
experiments failed, for the muscle became septic in a few days after 
standing at a temperature of 37°C. Wherever the muscle became 
thoroughly septic, all the creatin in the muscle entirely dis- 
appeared. 


Exp. 1. 488 gra. of the leg muscle of a full grown rabbit were cut off aseptically and 
allowed to stand two days at 21°C. and two days at 28°C. On the third day a slight 
mould was evident and on grinding up the muscle did not smell quite fresh. 


Total creatinin estimated 388 p. c. 
Control muscle 430 


The decrease on autolyeis was no doubt due to the small amount of bacterial action 
which had gone on. 
Eap. 2. eee das at 87°C. and remained ab- 


solutely aseptic until the end. 
64°5 grs. of the back muscle of a rabbit were autolysed and the creatinin estimated 
colorimetrically was 403 per cent. Control muscle contained 390 per cent. 


In an alcoholic extract of the autolysed muscle no creatinin could 
be detected. It will be seen from the above experiments, that in 
autolytic experiments where every opportunity for complete breakdown 
has been offered, no change in the creatin content of the muscle can be 
detected. In both experiments the breakdown of the tissue was very 
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complete. The slightly unsatisfactory difference in the results is 
explained by the fact that it is quite impossible to deprive the muscle 
of fibrous tissue in aseptic autolytic experiments. 

Antiseptic autolysis. Autolytic action in the presence of antiseptic 
bodies must of necessity be different from aseptic changes. It is 
doubtful, however, whether this difference extends beyond time 
relations. It has been abundantly proved that changes which take 
place in aseptic tissues after a few days will take weeks in the 
presence of antiseptic substances. The effect of bacterial action, 
however, is so great in the case of creatin, that the following experi- 
ments were done in the presence of chloroform water. 


Exp. 8. Leg muscle of a rabbit was allowed to autolyse for three weeks at 30°C. The 
muscle at the end of this time was well broken up. Oreatinin estimated in autolysed 
muscle 438 per cent. Control (1) 441 per cent., (2) 487 per cent. 


Exp. 4. 58°8 gra. of rabbit’s muscle were allowed to stand under Ringer’s solution at 
37 C. for 21 days. The tissue at the end of this time was well broken up, there being a 
great deal of crystalline substances resulting from the change. Creatinin estimated in 
autolysed muscle 380 per cent. Control 882 per cent. 

In order to see whether creatin had been changed to creatinin the first extract was 
evaporated down below 50°C. No creatinin could be detected either by the Jaffé or 
Weyl reaction. 


These experiments were regarded as conclusive that autolytic 
action (antiseptic and aseptic) left creatin in muscle un- 
touched, and consequently the subject was not proceeded with until 
Gottlieb and Stangassinger™ published the results of numerous 
experiments which seemed to prove conclusively that there are throughout 
the animal kingdom many ferments which have a marked action on 
creatin and creatinin. The following facts were claimed as established 
by these workers: (1) By the autolysis of muscles and other organs, 
creatin is produced. (2) Creatin is changed in part to creatinin in 
autolysis by a ferment. (3) Creatin and creatinin in advanced autolysis 
are destroyed by ferments (creatase and creatininase). (4) That the 
very complex curves representing the amounts of creatin and creatinin 
in autolysing experiments can be explained by the action of the various 
ferments resulting in creatin formation, and change to creatinin and 
the destruction of both bodies. (5) The above ferment actions also 
take place in the urine. 

The number of ferments required by Gottlieb and Stangassinger 
to explain their results are almost bewildering, and it was thought 
necessary to repeat some of their experiments, especially as previous 
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experiments on the autolysis of muscle had failed to demonstrate any 
ferment capable of affecting creatin. 

Before describing further experiments it may be pointed out that 
there is one source of error which may at least explain some of 
Gottlieb's and Stangassinger’s results. It has already been shown 
how very easily creatin is changed to creatinin on raising the temperature 
to 100 C. These experimenters seemed to have been aware of this 
fact, and yet in their experiments they evaporate to dryness on 
the water bath. Such a procedure is fatal where the object is to 
estimate preformed creatinin. However, it must be admitted that it 
would require much more criticism than this to explain away all their 
results. 

I have made some observations to determine whether the kidney 
and liver contain ferments capable of influencing creatin or creatinin. 


Exp. 1. The liver of a guinea-pig which had been killed by chloroform was ground up 
with sand, extracted with Ringer’s solution, allowed to stand half an hour and centrifuged. 


Weight of liver = 20 grs. 
extract creatinin solution 
A 50 C. es. ; 20 C. os. 0 
B 50 20 0 
0 — 20 50 C. es. 
A little toluol was added to each. | 


The flasks A, B and C were allowed to stand 66 hours at 87°C. Proteids were precipi- 
tated by 60 per cent. alcohol. Liquids filtered and evaporated on water bath at 37°C. 
The three residues were taken up with 100 c.cs. of water and the preformed and total 
creatinin estimated. 


Preformed Total creatinin (Ie. 
creatinin creatin and 
A 185 mgrs. 270 mers. 
B 135 270 
182 264 


It will be seen that there has been no change whatever either 
to the creatin or creatinin, under the influence of extract of guinea- 
pig's liver. 

Ezp.2. Rabbit eight weeks old. The liver was ground up with Ringer's solution 


immediately on killing, and then allowed to stand half an hour, 8 
and roughly filtered. 


Creatinin Ringer Muscle Liver extract 
A 25 0 25 O. os. 0 0 
B 25 0 25 0 30 0. cs. 
Cc 0 10 c.cs. 50 0 0 
D 0 10 50 about 10 grs. 0 
E 0 10 50 0 80 
F 0 0 50 12˙1 0 

Toluol was added to each. 
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The above were allowed to stand with toluol, in water bath at 87°C. for 48 hours. 
Proteids as before were got rid ef by 60 per cent. alcohol and in evaporation the 
temperature was kept below 50° C. The following quantities of creatin and creatinin were 
estimated : 


Creatinin 

A 82 mers. — 

B 81 — 

0 — 31˙5 mgrs. 
D — 81°25 

E — 81-25 

F — no creatinin 


From these results it is apparent that the creatin and creatinin are 
unaffected by extracts of rabbit's liver and muscle. 

It seemed possible that the absence of results confirmatory of 
Gottlieb and Stangassinger might be due to the fact that most of 
their experiments were done on cats and dogs. It has been shown by 
various experimenters how very variable is the susceptibility of uric acid 
to the tissues of different animals. For instance Wiener “ has shown 
that extracts of the livers of dogs and pigs can destroy uric acid while 
the livers of herbivorous animals increase the quantity rather than 
destroy it. In order to avoid this possible source of difference the 
following experiment was done. | 


Ezp. 8. Cat. The liver was cut out immediately after death and ground up with ice- 


cold Ringer solution. After standing for half an hour, the liquid extract was added to 
solutions of creatin as follows : 


Pure creatin solution Ringer Extract of liver 
A 10 c. es. 50 0 
B 10 25 25 
0 10 25 2⁵ 


The above solutions were allowed to stand for one week at 37°C. with toluol. The 
following amounts of creatinin were estimated after conversion of the creatin : 
A. 85°65 mgrs. B. 85 mgrs. O. 84 mers. 


No creatinin could be found before conversion of the creatin, i.e. in the extract after 
evaporation below 50° C. 
Creatin is therefore uninfluenced by an extract of cat’s liver. 


Exp. 4. Hedgehog. The liver was ground up with Ringer’s solution and added to 
solutions of creatinin as below : 


Creatinin Liver extract 
A 5 C. os. 50 0. os. 
B 5 50 
Cc 5 50 


C was first boiled. A little toluol was added to each and they were then allowed to 
stand at 37°C. for three days. At the end of this time the proteids were precipitated by 
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60 per cent. alcohol, filtered, and the filtrate evaporated down and made up to 50 0.08. in 
water. The following average readings on colorimeter for 10 c. os. of solution were obtained: 
A B 0 
76 mms. 76 mms. 75 mms, 

It will be seen that creatinin has undergone no change. 


Further experiments of a qualitative nature were performed, in 
which mixtures of muscle and liver, also muscle and kidney of cats, were 
allowed to autolyse under antiseptic conditions. Such experiments were 
chosen because it was thought possible that if creatin is normally 
changed to creatinin before excretion, then this change might be 
regulated in a similar manner to the glycolytic action obtained with 
mixtures of muscle and pancreas(Cohnheim). Nocreatinin could ever 
be found in these experiments after the mixed tissues had undergone 
considerable autolytic action. — 

From the results of the above experiments on the autolysing tissues 
of rabbits, cat, guinea-pig and hedgehog, it is seen that Gottlieb and 
Stangassinger’s statement that tissues contain numerous ferments 
affecting creatin and creatinin can be in no single respect confirmed. 
In fact in all autolysis experiments kept rigorously clear of 
bacterial action and where precautions were taken to prevent 
the conversion of creatin to creatinin * nesting, creatin and 
creatinin have remained unaffected. 

The outstanding fact of the foregoing examination of mnnecle is the 
stability of muscle creatin. This stability has remained unaffeoted by 
any activity such as muscular contraction, isolated survival and autolysis 
(aseptic and antiseptic). 


4. Tux EFFECT OF GLYCOCYAMIN FEEDING ON THE CREATIN 
OF CHICKENS’ MUSCLE, 


Czern ecki found an increased excretion of creatinio in the urine 
of a rabbit after feeding it with glycocyamin. Jaffé™ and Dorner™ 
have also found considerable amounts: of creatin excreted by rabbits 
fed with the salts of glycocyamin, although normally little or no creatin 
is present in the urine. From these observations, it has been assumed 
that glycocyamin is methylated in the body to creatin in the same 
manner as are tellurous acid, xanthine, caffein and cnet . 
this assumption the following eriticism is offered. 

1. In addition to a modified Neubauer method for estimating creatin, 
Jaffé decolourised his solutions with animal charcoal. This has been 
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shown to remove creatinin from solutions in a manner impossible to 
control. 

2. As Dorner bas shown, the excretion of creatin in rabbits is 
easily produced by abnormal conditions. When starving they excrete 
considerable quantities. The ill effects produced on rabbits by the 
glycocyamin feeding taken in conjunction with the creatin excretion in 
cancerous patients (vide infra) make it possible that the creatin ex- 
creted after glycocyamin feeding is the result of a direct muscle break - 
down following on a toxic condition of the blood, rather than due to 
methylation of glycocyamin. 

Dorner also got increased quantities of creatin by adding glycocyamin 
to autolysing muscle. His results are inconstant and not convincing. 
Jaffé found an increase of creatin in the muscles of the rabbits that had 
been fed on glycocyamin. This is an important point, for whereas the 
methylation of glycocyamin and its direct excretion as creatin might be 
regarded as physiological only in so far as it is a normal method of 
rendering poisonous substances innocuous, any increase of creatin in 
muscle that it produces must be regarded as of greater significance, for 
then the question whether it is the normal precursor of creatin in the 
body must be considered. Jaffé does not mention whether in these later 
experiments he decolourised with charcoal. If he did so, the additional 
errors attached to the estimation of creatin by crystallisation from 
muscle extracts raise considerable doubt as to the trustworthiness of 
his results. 

It seemed to me that if glyeocyamin increases the amount of creatin 
in muscle, this would be more marked in young than in adult animals. 
The following experiments were accordingly performed. 

Of 18 chickens (born July 5th), 12 were given four grams of 
glycocyamin in addition to their normal diet during five days, ie. July 
14th to 18th. They were all killed July 19th and the creatin in their 
muscle estimated in the usual way previously described. The 12 glycocy- 
amin fed chicks were divided into two batches, A and * 

The ſollowing results were obtained: 


Weight of muscle creatinin esti- 
ground up mated creatin) 
A. 6 Glycocyamin-fed chicks gra. 314 p. o. 
B. 6 1 10 29°8 284 
O. control chicks 33 ˙1 28⁵ 


The result of batch A is certainly high, but considering individual 
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feeding has no effect on muscle’. Experiments to be mentioned later 
show, however, that the muscles of chicks at this age have almost 
attained their maximal percentage of creatin, so that it is possible that 
glycocyamin might have an E 
* reached. 


58. Tun RFFECT or FEEDING WITH CREATIN AND CREATININ ON THE 
PERCENTAGE OF CREATIN IN MUSCLE. 


As a result of feeding experiments with creatin Folin ™ has shown 
that under certain conditions créatin appears to be stored in the body. 
On a diet of high nitrogen value, nearly all the creatin was excreted as 
such, while with deficient food nitrogen little or none appeared in the 
urine, and at the same time the unchanged nitrogen excretion pointed 
to its being stored. These observations make it probable that the 
creatin under these conditions is stored as such. 

It bas been previously seen in this paper that a hedgehog’s muscle 
contains only 2 per cent. of creatin (calculated as creatinin), a quantity 
much lower than any other animal examined. When this was first estim- 
ated, being in the winter, it was thought to prove that the muscle creatin 
had disappeared to some extent in the hedgehog as a result of starvation, 
and that here was a good opportunity of seeing whether creatin taken 
with food can be stored in the muscle. A hedgehog was roused from its 
state of torpor by bringing into the warmer laboratory and given as 
much meat as it felt inclined to eat. This quantity was not inconsider- 
able, for it ate 14 Ibs. in the first two days. At the end of four days it 
was killed and the creatin estimated in the muscle. The amount of 
creatinin by the conversion of creatin was found to be 197 per cent. 
It bas already been seen that normally the percentage is about 2. It 
is evident therefore that food creatin is not stored up in hedgehog’s 
muscle after hibernation. 

Notes on glycocyamin experiment, 
Chikko and water and a little boiled rice. After the first week, a mixture of boiled egg and 
bread was occasionally given. 

About 4 gra. of glycocyamin were given altogether, in small doses several times a day. 
It was prepared by the method of Nencki and Sieber, by heating together guanidin 
carbonate and glycocoll in definite proportions. A further criticism of the above experi- 
ment is that the glycocyamin was given in the form of a suspension and not as a soluble salt. 


This probably explains why the chickens thrived and showed no poisonous symptoms as 
did the rabbits of Jafféand Dorner. On the other hand the absence of deleterious 
unabsorbed. 
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When dealing with the question of the methylation of glycocyamin 
it was seen that whereas Jaffé got an increase of creatin in the muscle 
of full grown rabbits after feeding with this substance, I could obtain no 
increase when young chickens with their muscles unsaturated by creatin 
were fed with glycocyamin. The method of experiment described has 
been proceeded with and there will now be set out some results obtained 
by feeding young chickens on creatin. The chief reason that chickens 
were chosen in these experiments was because they are easily fed when 
young. | 

Exp. 1. 19? chickens born 18 were fed 
July list to July 25th, in addition to their ordinary food, which was quite free from 
creatin. Six control chickens received only the creatin free food. All the chickens were 
killed July 26th, aM the muscle dissected off. Great trouble was taken to free the muscle 


of all visible fat. The 18 creatin fed chicks were divided into two lots X and Y, and their 


„% 50 p.c. 
6 creatin fed chicks X 88-5 880°2 295 
7 creatin fed chicks Y 86-2 : 872 : 285 


Exp. 2 15 chickens born August 12th and 13th. 
A. 5 fed on creatin free diet. 
B. 
0. 5 fed on meat extract, and ordinary diet. 
The crestinin and meat extract* were given to the chicks from August 20th to 25th. 
About 14 grs. creatinin in solution were given to B chicks. The chickens were killed 
August 26th, i. e. a fortnight old. The meat extract contained mostly creatin but also 


contained a little creatinin. The creatin was not estimated but the extract represented 


w of A 
A. Control 257 gre. 51-4 gre. “287 p. o. 
B. Oreatinin fed 282°5 56°5 “297 
C. Meat extract (ie, mostly creatin) 264 53 293 


It is seen that in the above experiments ſeeding with creatin or 
creatinin produce no apparent increase in the percentage creatin content 
of muscle. If creatin feeding in young animals has no such effect 
on chickens at this age, it seems more improbable that glycocyamin 
given in the food will be methylated and stored in muscle as creatin. 


2 The creatin, creatinin, meat extract and glycocyamin, according to the experiment, 
were always introduced directly into the —: ee ene 
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It was thought probable that the above negative results might be 
due to the fact that the muscle of any animal can hold only a definite 
amount of creatin, which cannot be increased and that in the time of 
living, de a fortnight, the chickens’ muscle bad nearly reached this 
limiting point. The muscle of a hen was examined and found to contain 
31 per cent. creatinin (from creatin) | 

In the following experiments the chickens were only allowed to live 
a few days. 
Rep. 8. 19 chickens hatched out Soptember 6th and 7th. Killed September 12th, 
i.e. 6 days old. 


On: September 10th and 11th, one gram of pure creatin was given them by mouth. 
They were divided into two lots and the creatin estimated in the muscle of each. 


A. 6 chicks 248 gra gre. 2048 
B. 6 chicks 262°5 48°7 - 2118 } gram 
6 control chicks 256 ·3 42-7 22-07 
These latter control chicks were born September 17th and killed September 22nd, 
i.e. 5 days. 


The result of this latter experiment would certainly point to 
an increase in the creatin of muscle as a a result of giving this substance 
by the mouth, | 


4, 16 chickens born Sept. 17th. Killed Rept, Stet, 4 days od. 
On Sept. 19th and 20th, 6 were given 3 gr. pure creatin in 50 c.cs. water. A. 
10 „ 12 ereatinin 75 „ as B and C. 
Thess beten ses wore given by the mouth, a little at 6 time, about five times a day. 
The 10 creatinin fed chicks were divided into two lots, Band C. Immediately on killing 
the chickens, the creatin was estimated in the muscles, the latter being carefully deprived 


of visible fat. 

Results weight Age weight 
A. Gohicks 20 gra. 4 days 48-7 206 gra. 257 p.c. (creatin fed). 
B. 5 chicks 222 4 44-4 16°72 246 (creatinin fed). 
0. 5 chicks 231 4 46˙2 18˙1 27 ” ” 


In a control set of 6 chicks, which were killed Sept. 22nd, and were thus one day 
older than above chickens, the estimated creatinin was “238 per cent. 


ee 10 chickens born Friday, Sept. 27th. Killed Sunday, Sep. ne 


„ of creatinin in 20 0.08. water, in 
addition to other food. 
The other 5 chicks B were fed on creatin free diet. 


Weight of muscle Percentage creatinin 


Results ground up estimated — Age 
A. 5 creatinin-fed chicks 18°78 gra. 205 p.c. 2 days 
B. 6 control 17°15 187 2 
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In this experiment a 9 per cent. increase of estimated creatinin 
results from creatinin feeding. It is impossible to say that such a result 
is positive evidence of storing, for at this early age, when creatin 
is normally being stored at a gréat rate, there must be considerable 
individual differences, which can only be eliminated by a large number 
of experiments. It might be suggested that if creatinin in the food were 
at all stored in muscle, then since it has been previously shown that 
creatinin is normally absent from muscle, this storing should easily be 
detected by an examination for preformed creatinin. This possibility 
was followed up. Three chickens of six days old were given about 
250 mgrs. of creatinin during two days. Some hours after the last injec- 
tion of creatinin they were killed, their alimentary canal dissected out, 
and their bodies macerated and extracted with water. On evaporating 
the extract below 50° C., no trace of. creatinin could be found. From 
this, it is evident that creatinin in food is not stored as such in the 
muscle. 

From the above experiments it is seen: 


(1) That creatin and creatinin feeding has no effect upon 
the creatin content of muscle after the muscle has reached 
a certain saturation point. The small increase with glyco- 
cyamin feeding in one lot of chickens recorded previously 
must be therefore regarded as of little significance, while 
the increase obtained by Jaffé in muscle creatin on feeding 
rabbits with glycocyamin must be also considered doubtful. 


(2) There is some evidence of an increase in muscle 
_creatin at an eatly stage of life on feeding with creatin 
aud possibly also with creatinin. For these facts to be 
established more feeding experiments would be required 
in order to eliminate the differences in chicks, particularly 
at an early age. 


(3) That the normal absence of creatinin in muscle is 
not influenced by creatinin feeding. 


The first conclusion makes Folin’s observations difficult to 
interpret. When the men were on a low nitrogen diet and the 
creatin retained, it would not appear from the above results that it 
was stored up in the muscle as such. The creatin content of muscle 
after the first few weeks of life is a constant value for any animal, 
and every attempt to increase e research has been unsuc- 
oessful. 
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The very great susceptibility of creatin to bacterial action’, which 
has been already pointed out, must be taken into account in all feeding 
experiments. This factor must have been smaller than usual in the 
experiments carried out on very young chickens, particularly as they 
were all hatched out by an incubator. Bacterial action in the alimentary 
tract might possibly explain the non-appearance of the creatin nitrogen 
in the urine in some of Folin’s experiments, particularly as the product 
of bacterial action on creatin is of a colloidal nature, which in solution 
is difficult to deal with in the laboratory. At all events the above results 
on chicken feeding with creatin make it doubtful whether Folin’s 
interpretation of his results, viz. that creatin is of great importance as 
a food-stuff, is correct. This doubt is further increased by the fact 
that in starvation the excretion of creatin is evidently a normal 
characteristic. 

6. THE ONTOGENY AND PHYLOGENY OF CREATIN. 


It is a very significant fact that, as stated by Krugenberg™, 
creatin seems to be entirely confined to the vertebrate kingdom. It is 
but right to mention, however, that this point has caused controversy 
and the importance of the fact demanded further investigation. The 
earthworm and the lobster failed to give evidence of the presence of 
creatin in their muscles. Having in mind Gaskell’s theory of the 
origin of vertebrates, efforts were made to find creatin in limulus, as 
representing the invertebrate most nearly allied to the vertebrate animal, 
and ammocctes, the larval form of the lamprey, as the lowest form 
of vertebrate. An alcoholic extract of limulus after heating with 
hydrochloric acid gave with sodium nitro-prusside and caustic soda a 
colour reaction somewhat similar to Weyl’s reaction for creatinin, except 
that it did not fade on standing, as does the latter. The Jaffé colour 
reaction was negative. It would appear probable that creatin is not 
present in limulus muscle. Ammocostes, on the other hand, contains a 
considerable amount of creatin, but it was found impossible to estimate 
the percentage of creatin in these animals. 

1 In a sample of Liebig’s extract which had stood in the laboratory some months, no 
creatin could be found. A 1 per cent. solution of creatin in water, which had been left for a 
few days, developed a basic reaction and contained no creatin. An effort was made to identify 
the base by distilling the liquid into hydrochloric acid. The colloidal nature of the solution 
caused some difficulty, and the experiment was not completed. The gas evolved was almost 
certainly NH, as the characteristic smell of methylamine was absent. This observation 
would tend to show thet the methyl guanidin in Licbig’s meat extract discovered’ by 
Kutscher is really due to bacterial action on creatin. 
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The presence of creatin and its relative proportion to the muscle in the 
adult lamprey was considered interesting because it was thought that 
the developmental history of the substance might throw some light on 
the evolution of vertebrate animals. It was found, however, that the 
muscle of lamprey contained 25 per cent. (creatin estimated as creatinin), 
that is, as much as the skate (24 per cent.), which is an elasmobranch 
fish. As a typical teleostean fish, the Se eee 
304 per cent. 

The amounts of creatin (ctimated as eratinin) in various animals 
have been found as follows : . 


Lamprey ... W p. o. Hedgehog (winter) ... 2p. 0. 
Skate * 24 ” (summer) 2 
Cod as 8 Rats (2 months old) 300 
Frogs Bullock ... 
Fowl ie 31 Pig ous — 
Guinea-pig... ... 820 Rabbits 


a From the above figures it will be seen that generally speaking there 
is a greater quantity of creatin in muscle accompanying the development 
from cold blooded to warm blooded animals. — ' 

It is a very striking fact that the hedgehog contains a less percentage 
creatin than any other animal. The smallness of the quantity was 
thought, ta- be due to its disappearance during inanition, as the first 
estimation was made in February. 

As previously pointed out, an effort made to increase the . 
content of creatin in this animal was without success. This quantity 
remained constant throughout the year as is seen in the — 


figures : 
February 2¹ pc, April ‘20 pc. 
July 230 October 197 
A consideration of the great differences seen in hedgehog metabolism 
at. different’ periods in the year makes this constancy very remarkable, 
and it would appear to remove creatin right away from the ordinary 
products of metabolic change. It has been shown by Dorner that when 
a rabbit is starved, a very considerable amount of creatin is excreted, 
while at the same time the rapidly diminishing weight and the large 
nitrogen excretion point to great tissue breakdown. The hedgehog, on 
the other hand, loses little or no creatin during hibernation, and its 
muscles at the end of this period are almost as well developed as in the 
autumn. Correlated with these facts, it is interesting to find that a 
_ hedgehog contains in its muscle less creatin and a rabbit more creatin 
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than any other vertebrate examined.’ It is evident from the above table 
of the comparative amount of creatin in muscle that the animals 


examined which can exist for a long time. without food, é.g. frogs, fish, 


and hedgehog, have a markedly smaller proportion of this substance. It 


~~ would be interesting to know the proportion of creatin in other hiber- 


nating animals, viz. marmot, bat and bear, if only to see whether it is a 
generalisation that the percentage creatin in musole i is an inverse measure 
of its starvation. . 


ew eee eee 44 


4 


10 20 50 40 


Fig. 2, croatin (estimated as crotinin) in rabbit with ag. 
Abscisse represent age in days. 


Ordinates represent percentage creatin. 

Dotted line obtained from adaltrabit’ massa 

It was now necessary to see whether creatin hing an ontogenetic 
history in.accordance with its phylogeny, aud 4 pteliminary experiment 
on fcetal rabbits, in which only traces of creatin were found, led to 
further work on this question. Working on animals of different ages, 
the following amounts of creatinin (from a were found in the 
muscles : 


Rabbits (total 21 days) „ & trace only 1 rabbit (28 days old) 300 p. o. 
Kittens (2 days old) ... „ 1589 p.c. 290 
1 adult rabbit 435 

1 ” (19 ” ) 316 
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The rate of development of creatin is seen in Fig. 2. 

The development of creatin in the first week of life is very remark - 
able, while at a later stage, when the muscle is approaching either a 
saturation or an equilibrium point, the development is very slow. The 
unsteady results obtained in animals of two or three weeks old are rather 
unsatisfactory, but it is not so surprising when one considers the differ- 
ences of metabolic changes experienced by different animals, as indicated 
by their different rates of growth. Unfortunately the weights of the 
rabbits were not recorded. 

The development of chicks in incubating eggs affords a good 
opportunity for observation on the production of creatin in muscle’. 
An egg contains neither creatin nor creatinin and it is impossible to 
detect any trace of these substances in the developing chick until the 
twelfth day of incubation. At this stage it is too small to estimate, but 
after this time it develops with i increasing rapidity until the hatching 
period. The following figures show the increase of creatin in muscle 
with incubation and it may be stated here that no creatinin can be 
detected in a chick, certainly up to a day after hatching. 


— Before 12th day Not detectable. 

6˙1 grs. 12th day A trace only. 

113 14th day 8°8 mgrs. (average of 4 chicks). 
178 16th day 
22°65 17th day ( ” (2) ). 
26 18th day 
30-25 20th day 4 

(no food taken) 


These numbers are represented in Fig. 3. 

It can be seen from these figures: 

(1) That although there is considerable muscle formed by the 12th 
day of incubation, there is no creatin in this muscle. 

(2) ‘That from the 12th day of incubation until hatching the growth 
of muscle, as represented by the body weight, and the formation of 
creatin are synchronous. 

(8) That at hatching the rates of een of muscle and creatin 


1 his work was started with the ides of 
had any apparent coypection with the lecithin of the egg, since these substances both 
possess the methyl-imido group. ee viz. 
28 mgrs., prevented this experiment from being completed. 
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are widely different, the former remaining little altered’, while the latter 


is nearly doubled from the 20th to the 21st day. 
It is evident then that the formation of creatin in muscle i is inde- 
pendent of the growth of that tissue. Further 2 of this 


1 
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Fig. 8. The development of body weight, liver and creatin in chickens during incubation. 
and © indicate body weight. 
------ and indicate creatin. 
—— —— and x indicate liver. 


Absciss# represent periods of incubation in days. 
Ordinates represent weights of liver, body * creatin — 
Outside figures weights of liver in grams. 


Middle figures weights of body in grams. 
Thside figures weights of creatin in milligrams. 


Tho of wolght from 90:5 in the 0th day does, not mean shat the 
muscle weight has so increased. It is remarkable how quickly at hatching chickens 
receive a complete coating of egg-substance under their skins and consequently it is impos- 
sible to get the correct weight at this time. SS eee 


however, is not comparable to the increase in creatin. 
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independence is seen in the varying quantities of creatin in * 
after birth. For instance chickens’ muscle 


3 days old contains 20 per cent. creatin estimated as creatinin, 
5 ” n "24 ” 2 ” 
14 20 ” * ” 


It might be suggested that the accumulation of creatin in muscle 
after birth is due to the increased muscular activity, and that the 
increasing rate of formation towards and after birth depends on the 
increased movement of the muscle. But it has been proved in experi- 
ments previously described that the performance of much work and also 
long survival in oxygen have no apparent effect on the creatin content of 
frog’s muscle, It would thus appear probable that the direct formation 
of creatin in muscle is independent both of the growth of muscle and also 
of the production of energy for survival and contraction. It is difficult 
to realise what other conditions in muscle apart from these factors would 
influence creatin formation. Consequently the attempt to correlate 
the production of creatin and muscular metabolism was temporarily 
abandoned and other influencing factors were sought. 

It has been seen that there is a remarkable formation of creatin 
during the first day after birth, and an effort was made to discover some 
physiological activity which might be correlated with the increased 
formation of creatin at this time. The development of the liver in 
chickens was examined and the following figures were obtained. 


Age of chicks Weight of liver Age of chicks Weight of liver 
18 80 grs, (2) 
12 11 ers. (2) 19 ‘58 (02) 
14 25 (4 20 87 (2 
16 2 0 21 (1 day after hatching) 104 (8) 
17 24 (4 days atter hatching) 1-7 (06 


The development of the liver of chickens is also seen in Fig. 3. 
Comparing the development of the liver with the formation of muscle 
and ereatin it is evident: 

(1) That during the incubation period the development of liver is 
synchronous with that of the muscle as represented by the body weight 
and from the 12th day to hatching with the formation of creatin. 

(2) That after birth a rapid growth of the liver accompanies the 
accelerated production of creatin. 

_ After birth the growth of muscle is apparently very slow. The real 
weights uf the chickens are impossible to obtain at this time, because of 
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the yolk which they draw into themselves at hatching and a large 
portion of which appears to be quickly deposited over their body under- 
neath the skin. The decreased weight with age, seen in the following 


figures, is no doubt due to assimilated yolk, although the chicks ~~ 3 
to eat vigorously soon after birth. 


Nunsber of chicks, 
average weight taken Age Average weight ! 
1 I day old 48 gra. 
16 4 days old 45 
18 5 43 
19 14 538 


The diminution of total weight of chickens from 48 to 43 grs. in five 
days after birth is at least evidence that any increase of muscle weight 
there is at this time is out of all proportion to the increase in liver, viz. 
from 1 gram. to 17 grams. 

Although the absolute amount of creatin in chickens was not obtained 
during this period, the short time required for muscle saturation, taken 
in conjunction with the results obtained with rabbit's muscle, would 
point to a further rapid formation of this substance after birth, well in 
keeping with the awakened liver activity. 

It is evident then that while the growth of muscle seems to be 
independent of creatin formation, the growth of the liver shows a 


remarkable relation to the development of this substance in chicks 


both during incubation and after hatching. 
The increase in rute of growth of the liver at hatching is no doubt 
due to the closing of the ductus venosus so that a much greater blood 
supply reaches this organ. The fact that the growth of the liver goes 
on at the same rate as that of the rest of the chicken during most of 
the incubation period, would seem to show that during this time its own 
special functions are not particularly called upon. Were this not the 
case, the ductus venosus would, no doubt, close sooner, The first 
function of any organ is to grow, and the increased blood supply to 
the liver at hatching causes the corresponding increase in rate of growth 
of this organ. This closing of the ductus venosus is a very special 
change, and it is not likely that there are many similar changes in the 
body at this time, which do not depend on the increased blood supply 
to the liver. It is therefore reasonable to put forward the synchronous 
rates of growth of the liver and creatin both during incubation and 
after hatching as strong evidence of an intimate connection between the 
blood supply. of the organ and the development of creatin. The many 
1 All these chicks were intact and contained 8 
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functions of the liver would make one hesitate to conclude that this 
connection was direct—that, in fact, creatin was made by the liver and 
stored as such in muscle. At the same time it is of great importance 
to recognise that there is some evidence of another organ beside muscle 
being intimately related with the production of creatin. 

Having now seen there is ontogenetic evidence of ereatin formation 
being connected with the liver, it is necessary to consider if there is 
any supporting evidence to be derived from the phylogeny of this 
substance. It was seen that creatin only appears with the introduction 
of the vertebrate. It is absent in the cross striated muscle of the 
lobster, and present in that of ammocostes. Is there any difference in 
the developmental story of the cross striated muscle of these animals 
between the invertebrata and vertebrata to account for the creatin in 
the latter? Zoologists are agreed that there is no difference. Here 
again there is some evidence, although of a negative nature, that erestin 
does not depend solely on muscle metabolism. 

On the other hand there is ample eviderice that the “gland of the 
mesenteron” of the invertebrate is both physiologically and morpho- 
logically different from the liver of the vertebrate. . 

There is no doubt then, that with the introduction of the vertebrate 
a new organ of the utmost metabolic importance appears, and at the 
same time there is a corresponding development of creatin. Thus the 
phylogenetic history of creatin as well as its ontogeny provide evidence 
of the intimate relation between the liver and creatin. 

To sum up, the main facts of the ontogenetic and phylogenetic 
development of creatin, which show its formation does not depend on 
the muscle alone but probably also on the liver, are : 

(1) In the developing chick there is muscle (before the 
12th day of incubation) when creatin is absent. 

(2) That although for a considerable time during incu- 
bation the body weight, liver and creatin develop synchro- 
nously as shown by the foregoing curves, yet towards and 
after hatching the rapid development of the liver, due to 
the closing of the ductus venosus, is accompanied by a 
corresponding increase in creatin formation, waite at the 
same time muscular growth almost stops. 

(3) That although cteatin is absent from invertebrate 
muscle, morphologically and physiologically the cross stria- 


ted muscle of these ele is bern nn that of the 
vertebrates. 
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(4) That the “gland of the mid-gut” of invertebrates 
has no morphological or physiological connectiow with the 
liver of vertebrates, and therefore the sewly introduced 
liver might account for the development of creatin in 
vertebrates. 


7. THE EXCRETION OF CREATIN AND CREATININ IN PATHOLOGICAL 
CONDITIONS. 


The phylogenetic and ontogenetic history of creatin suggests that 
the liver plays a considerable part in its formation. Therefore the 
excretion of creatinin in people affected with pathological livers was 
determined to see if any further evidence of this connection could 
be obtained. It may be stated at this point that in my opinion creatin 
in muscle and urinary creatinin are intimately related, and the observa- 
tions that injected creatin and creatinin are excreted unchanged, also 
that these substances cannot be transformed, the one into the other, 
under autolytic conditions, are not regarded as strong evidence of their 
independence. 

Below are recorded the creatin and creatinin excretions of patients 
suffering from different disorders influencing the liver“: 


*. Total Volume 
Sex Age 2 excreted urine Remarks 
A. Cirrhosis of Liver | | 
i) ¢ 156 gre. 0 805 c. cs. Ascites. Urine collected immediately 
after paracentesis. 
(2) ¢ 48 ‘521 0 285 8 No enlargement of 
“521 B05 liver, ; 
% ¢ 46 675 0 710 
68 0 885 Ascites. 
0 850 | Alcoholic Cirrhosis. Ascites 
“44 0 650 | 
(5) 4 652 89 070 grs. 865 * Ascites and oedema 
©) 4 825 0 350 Aseites. 


| Most of these figures have appeared in a preliminary communication. Pris. eee 
Soc. p. xxiii (This Journal, xxxvi. 1907). 
I take this opportunity of thanking Dr Garrod and Mr T.8. Hele, of St Bartho- 
material. 


lomew's Hospital, for assistance in the procuring of 
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— Volume 
B. Venous engorgement of liver due to mitral stenosis. | 
¢ 2 Double murmur, endocarditis. Ascites. 
114 1000 
> ¢ © BT 0 250 Double murmur, beart enlarged, cya- 
280 enlarged liver. 
O. Carcinoma of Liver. 
(i) ¢ #0 7 117 685 Died of 2nd carcinoma of liver, primary 
38 91 530 growth fundus of stomach. Some 
( ¢ 60 46 18 1778 No ascites, Jaundice. From 9 st. 


11 Ibs, to 7 st. 11 Iba. 


The daily t 0 normal person on a creatin free diet contains 
from 1 to 2 grains of creatinin and no creatin. The above results 
therefore prove that: , 

0) The excretion of creatinin in people suffering from liver 
affections is markedly subnormal. 

(2) Patients suffering from cancer of the liver excrete a 2 
amount of creatin, while in cases of cirrhosis and engorged livers the 
creatin excretion is not affected. 

In most of the above cases the patients had secites, The diminution 
of the excreted creatinin might have caused an accumulation of this 
substance in the ascitic fluid. Therefore a large quantity of this fluid 
was evaporated down to small bulk after first precipitating the — 
by alcohol. No creatin or creatinin could be found in it. 

The diminished excretion of creatinin might have been due to: 

(1) Disturbances of the general circulation. 

(2) Depressed activity of the liver. 

It is difficult to decide which is the more important of these factors, 
but in cases of ascites, where there is no oedema, the vascular dis- 
turbances are largely limited to the portal and hepatic systems. It is 
probable (although the question is of such importance that more work 
will be required to be done on it) that the creatin excreted in cancer 
represents a muscle breakdown. If as in case C1, where there is 
ascites, the general circulation is such that it can carry more than 
a gram of creatin from the muscles to the kidney, then if creatinin 
production depended on muscular metabolism, there is no cogent reason 
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why it should not be adequately excreted as in normal people. Then 
again in case CO 2, there was no ascites, yet this patient, suffering from 
carcinoma of the liver, excreted only ‘46 grs. of creatinin. 

One other sign of liver disturbance was seen in nearly all the above 
cases—the acidity of the urine. It might be thought that depression 
of liver activity resulting in the failure to convert ammonia to urea 
would make the urine alkaline, However, although the ammonia may 
be increased, the acids, particularly lactic acid, are much more increased, 
so that actually the urine becomes acidic. Lest it might be thought 


that the large creatin output in the carcinoma cases was due to a 


conversion from creatinin to creatin, it may be stated that in case C1 
the urine of each day was markedly acid. 

To sum up, the diminished creatinin excretion is regarded as due 
to depressed liver activity rather than to any change in the general 
circulation, for the following reasons: 

(1) That with no ascites, a patient with a pathological liver (C 2) 
may excrete little creatinin. 

(2) Although having ascites a large amount of creatin may be 
excreted (C 1). 

(3) The urine is markedly acidic in most cases. 

The excretion of creatin in the above cases of carcinoma of the 
liver? must also be considered. 

It is suggested that this creatin may be due to 

Either (I) a muscle breakdown caused by a general (or special) 
toxemia due to the new growth resulting in the freeing of creatin, 

Or (2) a failure of the tissues to convert creatin into creatinin 
before excretion, 

Or (3) a direct production from the new growth. 

If the third suggestion is true, great importance must be attached 
to it. In this connection it has been suggested that since in experi- 
ments, recorded earlier in this paper, it has been found that embryonic 
growth is accompanied by the production of creatin, and since can- 
cerous growths are probably a reversion to the embryonic type, it 
might be expected that the growth itself is directly responsible for 
the creatin. 

The origin of creatin from a direct muscle breakdown resulting 


1 The excretion of creatin is probably not peculiar to carcinoma hepatis. I have lately 
found it in the urine of patients suffering from cancer of the uterus, of the breast and of 
diffuse melanotic sarcomata. In these cases it may be that the livers are affected 
metastatic growths. 
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in the freeing of this substance is indicated by the following 
evidence: 

(1) It has been seen, earlier in the paper, that there is only 
creatin in muscle and under no circumstances has creatinin been 
found. 

(2) That creatin taken by mouth is excreted as such and is not 
changed to creatinin. Thus creatin is not changed to creatinin in the 
blood stream or kidneys. 

(3) In both cases of carcinoma examined there was a marked loss 
in weight. At the post-mortem examination of C1, he was found 
to have very little muscle. The weight of C2 had dropped from 
9 st. 11 lbs. to 7 st. 11 Ibs. 

(4) In the case of a starving rabbit a considerable output of 
creatin in the urine accompanies a rapid diminution in weight. A 
rabbit's weight diminished from 2530 grams to 1578 grams in 9 days 
when starving. In this time there was excreted nearly 2 grams of 
creatin (Dorner). 

One fact might be supposed to seriously affect the above assumption, 
and that is, the total nitrogen excretion of patient C1 on 2 days was 
only 868 and 6°97 grams when his total creatin excretion was 1°06 
and 136 grams respectively. Supposing human muscle to contain 
‘3 per cent. creatin, then an excretion of 1°36 grams would represent 
the destruction of 450 grams of muscle. Muscle is said to contain 
18 per cent. total proteids including sarcolemma and connective tissue, 
so that the total proteid breakdown supposing all the muscle. to be 
involved would be 81 grams, and the nitrogen of this is about 12 grams, 
while it was seen that the total nitrogen exereted was only 6°97 grams 
on this day. 

This diminished nitrogen excretion may be accounted for thus : 

(a) An incomplete muscle breakdown involving only the muscle 
cell containing the creatin and not the sarcolemma and connective 
tissue. 

(6) The nitrogen of the broken down muscle may be carried to 
other tissues, particularly the new growth, and there stored. 

If this explanation of the origin of the excreted creatin is correct, 
then it may be capable of proof, fur the muscles of a patient deceased 
of carcinoma hepatis ought to contain a less percentage of creatin than 
normal muscle. The creatin content of the muscle of such a subject 
has not yet been estimated. Assuming a similar origin of the excreted 
creatin in starving rabbits, it may be noted (although the fact was not 
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commented on) that the percentages obtained by Dorner in autolytic 
experiments in which he used the muscle of such animals, are much 
below the normal. For instance, in two estimations of such muscle he 
only found 356 p.c. and 357 p.c., whilst with adult normal rabbits his 
results were 456 p.c., 428 p.c., 428 p.c., and 435 pc. It is unlikely 
that there would be such a large difference in individual adult rabbits 
under normal conditions. Thus we have direct evidence that a muscle 
breakdown can release creatin and excrete it unchanged. 

The question whether the carcinomatous patients excreted creatin 
because they were really being starved as the rabbits above mentioned, 
must be considered. This is clearly not the case, for experiments by 
Cathcart “, Benedict and Diefendorf®™ on starving people, show 
that although there is some creatin excreted during starvation, yet the 
quantity is very much smaller than in the above cases of carcinoma. 
It has been suggested above that the muscle breakdown in carcinoma 
is due to a general or special toxemia’ due to the new growth. It 
must be admitted, however, that recent research on cancer in mice 
appears to be against the presence of toxins in this disease. Even in 
the starvation of rabbits, however, it is difficult to think that muscle 
breakdown results simply because of its inherent instability. It is 
much more likely that this breakdown is the result of a stimulus from 
an organ involved in general metabolism, and this stimulus would no 
doubt pe in the form of a chemical body. Here again then, analogy 
would point to the presence of some chemical stimulus going from the 
new malignant growth to the muscles, causing them to break down and 
supply their nitrogen stores for this abnormal development. 

The second hypothesis to account for the production of creatin in 
eases of carcinoma hepatis, viz. that the tissues fail to convert creatin 
to creatinin before excretion, must now be briefly considered. It has 
been advoeated lately by Cathcart % that the excretion of creatin 
during starvation points to the normal production of creatinin as 
depending upon a change from creatin under food influence. There 
is no doubt also, that creatinin excretion is to some extent dependent 
on ingested food. It may be noted that the phrase “food influence” 
does not imply that the change takes place in the alimentary canal, 


1 As case O1 had a primary growth in the stomach, and probably in C2 the carcinoma 
hepatis was secondary to some intestinal lesion, the toxemia may have been due in these 
cases to septic absorption. However, as previously stated in a note, creatin has been 
found exereted by patients suffering from cancer with no evident intestinal affection or 
cachexia. 
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but in the individual tissues. This hypothesis is vague and the 
following observations indicate its probable inaccuracy. 

(1) So far as ingested creatin and creatinin are concerned, they 
are independent. 

(2) In the above cases of pathological livers, eg. cirrhosis and 
venous engorgement, the creatinin excretion is diminished with no 
corresponding increase in creatin. : 

(3) For some days after the hatching of chickens no creatinin 
is excreted, although a considerable quantity of food is ingested. 

From this consideration of the production of creatin in the urine of 
patients suffering from carcinoma hepatis, it is probable that the first 
hypothesis is correct, viz. that there is a lange muscle breakdown due to 
either a general or special cancer toxwmia, or more generally to 
some chemical stimulus, resulting in the excretion of the liberated 

To summarise, it would appear from the above that 

(1) The small amount of creatinin excreted in hepatic 
disease offers additional support to the suggestion that the 
liver is responsible for the formation of creatinin. 

(2) The excretion of creatin in carcinoma of the liver 
accompanied by a decrease in body weight makes it probable 
that when muscle cells break down the creatin is liberated 
and suffers no change to creatinin before excretion. 


8. HAVE CREATIN AND CREATININ A FUNCTION? 


When this research was started and the generally accepted belief 
that creatin is changed to creatinin was held, it was thought possible 
that creatin performed some function in connection with the contraction 
of voluntary muscle. Against such a belief no creatin was found in the 
cross striated muscle of a lobster, and so far as electrical stimulation is 
concerned, a lobster’s muscle is apparently identical with vertebrate 
muscle. Experiments were performed to see whether creatin had any 
obvious effect either directly on the muscle or on the nerve endings. 
The sartorius muscles of frogs were carefully dissected out and placed 
in solutions of creatin, the strength of which varied from ‘1 pee. 
to 3 pi. When the solvent used was Ringer's solution, the muscles 


were quite unaffected by the creatin and remained motionless. 


In a second series of experiments, a cannula was placed in the 
aorta of a frog and the blood vessels were washed out with Ringer's 
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solution. The femoral artery of one leg was then tied, and a ‘25 pio. 
solution of creatin allowed to flow through the frog. The sciatic 
nerves were dissected out high up near the cord and the minimal 
current found which caused the gastrocnemius on each side to contract. 
There was never any real difference of stimulus required in the case of 
the leg which had been washed out with creatin, and in the other, 
which had not been so treated. These experiments seem conclusive 
that creatin has no marked influence on contraction, or the passage of 
the nervous impulse in muscle. The lack of positive evidence to 
demonstrate the function of creatin in muscle cannot have much 
weight in a consideration of this body and certainly cannot be held 
to support the absence of such a function. However, other substances 
which are innocuous and probably useless are known to be stored by 
tissues. For instance a considerable amount of urea is found in the 
muscle of elasmobranch fishes, while in invertebrate muscle taurin is 
found. 

The only observations pointing to the presence of creatin in muscle 
as having any significance is in the comparative estimations in various 
animals. It was seen that the percentage creatin had some connection 
with general metabolism. This was especially indicated in the rabbit 
and hedgehog, the former of which has a large creatin percentage, the 
latter a small percentage. Correlated with this the rabbit’s muscle 
breaks down on starvation, while hedgehog’s muscle is very stable. 
Whether such observations point to creatin playing an active part in 
the transference of nutrition from some such central metabolic organ as 
the liver to the muscles, or whether it is simply an accompanying 
factor in the different relations of liver to muscle, seen in various 
animals, cannot be decided. 

All the evidence points to creatinin being entirely of an excretory 
nature after the muscles are saturated with creatin. Thus (1) all 
ingested creatinin is excreted as such, and (2) creatinin has never been 
found in the tissue of an animal after any treatment. 

To sum up 

(1) Creatin has apparently no influence on muscular 
contraction or the passage of a nervous impulse into 
muscle, 

(2) Creatinin, after the earlier period of life, is an 
excretory product of metabolism. 
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9. GENERAL CONCLUSIONS. 


A summary of the chief results of this paper has been given at the 
end of each section, and it is unnecessary to repeat them here. The 
broad general conclusions to which I have come are 

(1) That in the formation of creatinin muscle plays a small 


(2) That the liver is intimately connected with the production of 
creatin and the excretion of creatinin. 

As regards the action of the liver I suggest that it is continuously 
forming creatinin from substances carried to it by the blood stream 
from other organs, and that in the developing muscle this creatinin is 
changed to creatin and stored, while after the muscle has reached a 
saturation point, creatinin is continuously excreted. 

I advocate the origin of muscle creatin from creatinin for the 
following reasons : | 

(1) The feeding experiments on young chickens yield some slight 
evidence that food creatinin can be changed to creatin and stored. 

(2) In no physiological experiment in this research has creatin 
ever been changed to creatinin. 

(3) Creatinin is not excreted by chickens until about a week after 
hatching, de. not until the muscles are saturated with creatin. The 
almost complete absence of creatinin from the urine of young children 
has been confirmed by Rietschel , and by Van Hoogenhuyze and 
Verploegh ™, and in the case of puppies by Closson W. This shows 
the intimate relation of creatin and creatinin, for it is unlikely that an 
organ would commence making an entirely new substance a week after 
birth. It is more probable that the power of making creatinin 
innocuous and storing it in the muscles as creatin has been reached 
at this age. : 

(4) The change from creatinin to creatin is from every point of 
view more likely than the change from creatin to creatinin. From 
a chemical consideration it is more probable that the ring formation 
of creatinin comes direct from a tissue breakdown, and that this 
ring is then hydrated to a creatin chain by muscle, rather than 
that the creatin chain is dehydrated to form the creatinin ring. 

From a physiological point of view it cannot be thought that 
tissues would make an innocuous neutral substance like creatin into 
a strongly basic substance like creatinin. Such a change would be 
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contrary to all that is known of the changes undergone by chemical 
substances in the organism. 


Part of the creatin used was purchased from a grant allotted to Dr Hopkins by the 
Government Grant Committee of the Royal Society. 
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ON THE PHYSIOLOGICAL ACTION OF THE SEEDS 
OF GARCIA NUTANS, OMPHALEA MEGACARPA 
AND OMPHALEA TRIANDRA FROM TRINIDAD. 
By J. THEODORE CASH. 


SomE time ago I received from Kew by the direction of Sir W. Thiselton- 
Dyer a small package of seeds which had been sent by Mr J. H. Hart 
of the Botanical Department, Trinidad. These seeds are derived from 
an Euphorbiaceous plant now recognised by Mr Hart as the Garcia 
nutans, Larger samples have been sent to me more recently from 
Trinidad of the seeds of two Omphaleas which though belonging to the 
same natural order are of different species from the Garcia nutans, These 
are named respectively the Omphalea triandra (this is called “ Cob-nut” 
in Jamaica) and the Omphalea megacarpa or diandra. Mr Hart, who 
has sent me further samples of these seeds, though he has been unable 
to obtain more of the Garcia nutans, informs me that in the fresh state 
all of them possess a laxative action and that they have been occasion- 
ally employed dietetically in Jamaica for this reason. 

It is proposed in this paper to give a brief account of the action of 
each of these seeds in the fresh condition as well as of their contained 
oils upon man and certain of the lower animals. As the amount of 
material was limited a satisfactory examination in order to demonstrate 
the possible presence of other principles was not practicable, and there- 
fore this report, though justified by the facts established, is incomplete in 
this respect. 

SEED OF GARCIA NUTANS. 


The seed (Fig. 1) is oval and obscurely beaked, convex on both dorsal and ventral 
surfaces, but more so on the former, which shows a well-marked median raphe passing 
backwards from the beak at the micropyle. On the ventral surface is a well-defined hilum 
of triangular form with its base directed towards the micropyle. The testa which though 
thin is hard and resistant has a buff ground colour splashed with irregular light-red to 
rusty brown patches. The seeds in the small sample showed a striking uniformity in size. 
Of the 15 seeds examined the average length was 16 mm. The variation between longest 
and shortest was only 2-5 mm. The average width was 12-5 mm. Variation frequently 
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inversely to length. The average weight was 1:107 grm. The greatest variation from the 
average was by 164 grm. Within the testa and underlying thin papyraceous tegmen, the 
erect embryo with broad cotyledons is found enclosed by an adundant endosperm fully 
— 22 The average weight of the seed deprived of its coverings was 

arm. 

The odour of the freshly broken seed is nut-like and agreeable, on chewing a fragment 
the corresponding taste is acoompanied by a sensation suggesting the presence of oil, but 
soon an unpleasant tickling or scratching manifests itself chiefly in the velar and pharyn- 
geal regions. Other subjective symptoms, to be described later, appear after a longer 


A. 
Fig. 1. Seeds natural size. A. Garcia nutans, lateral aspect; B. Omphalea 
triandra, dorsal aspect ; C. Omphalea diandra, dorsal aspect. 

When a fragment of the kernel is rubbed with mucilage of gum 
acacia a rich white emulsion results, indicating the presence of an oil. 
Prolonged extraction by ether of the seeds which have been previously 
thoroughly reduced in the mortar shows the proportion of this oil to be 
considerable. The mean of two estimations was 36°29 % of the kernel 
weight or 26 % of the seed with coverings intact. This oil is at first 
of a pale straw yellow colour, clear and limpid, but within a few weeks 
of its separation gelatinous flakes appear and these rapidly increasing 
the whole of the oil is converted into a translucent gelatine-like mass. 
Or if exposed to the air more or less lardacious material is developed in 
association with the translucent portion. Whether the body formed is 
a metameride of the original oil, or otherwise, is undetermined. It is 
in the altered state insoluble in ether, and appears to be much reduced 
in activity, 

The material at disposal therefore consisted of (a) the fresh seed, 
(b) the ether extracted oil, (c) the residual whitish powder. 


| (a) The fresh seed of Garcia nutans. 
Action on man. A healthy adult leading an uniform life on an 
average mixed dietary undertook the consumption of the seeds, etc. and 
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the registration of results (as this individual had a single evacuation at 
the same hour daily, under usual conditions, he was regarded as a 
favourable subject for such observations). A few of his experiences will 
be transcribed here : 


ote Obs. At 12 a.m. (four hours after breakfast) 6 grm. of the fresh seed, deprived 

. was chewed to a fine pulp which was swallowed, thereafter 20 C. o. of water 

the mouth so that all the particles adhering to the teeth were conveyed 

2 A few minutes after swallowing a slight tickling or scratching was noticed 
in the region of the fauces and soft palate. 

2 hrs. 80 mins. Some gastric discomfort soon succeeded by borborygmi. 

5 hrs, 20 mins. One alvine evacuation with discomfort. — e 
Apparently no excess of bile or mucous. 

9 hrs, A second evacuation of similar character. 

Subsequent note. There was no disturbance during the night. At 8 a.m. (20 hours 
after ingestion) on the succeeding day, a little discomfort in the gastric region being still 
present, one evacuation, more formed. The discomfort disappeared in the course of the 
morning but the evacuation of the day following (44 hours after ingestion) was of a soft 
character. Throughout the earlier part of the observation there was slight vesical 
irritation and the total urine measured for the 24 hours succeeding ingestion, was about 
280 0.0. in excess of the normal. The specific gravity of a mixed sample was 1015, the 
colour pale, there was no deposit upon standing. 

No. 2 Obs. A week after the last experiment, the condition of the observer being quite 
normal, 4 grm. of fresh seed was taken. 

105 mins. Slight gastric discomfort. 

180 mins. Borborygmi, feeling of warmth in right iliac region. 

6 hrs. One evacuation, soft but formed, urine increased. 

20 bra. At usual time, one evacuation of like character. There was no further 
dist t 


No. 8 Obs, Ingestion of ·2 grm. of fresh seed was followed by a formed but soft 
evacuation in usual course on the ensuing morning. 


No, 4 Obs, -1 grm. produced no independent action but the next customary evacuation 
was in two out of four observations of a somewhat soft consistency. 

It is evident from these as well as from other experiments which are 
not detailed here, that an action both powerful, prolonged and associated 
with some griping may follow the free employment of the fresh seed of 
Garcia nutans, and equally that by reducing the dose a sure but simple 
purgative or laxative effect may be the limit of action. Renal irrita- 
tion with resulting diuresis (probably occasioned during elimination) is 
not witnessed after small doses. The purgative action of the seed may 
be further exemplified by reference to its therapeutical employment in 
a single case, 

The patient, an adult female, was suffering from disturbance of the alimentary canal 
after partaking of indigestible food. The tongue was unduly red, the pulse accelerated. 
“6 grm. of the fresh seed of Garcia nutaus (well reduced) was administered with two 
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mouthfuls of water. In 2 hrs. 80 mins. slight discomfort was experienced and during the 
ensuing 8 hrs. 80 mins. three soft evacuations were passed. The alimentary and con- 
comitant symptoms subsided after purgation. 


Summary of action of ingested seed upon rabbits and mice. Both 
rabbits and mice ate, with avidity, portions of seeds presented to them. 
Purgation, varying in degree with the amount consumed, followed after 
a time interval. If the amount ingested was relatively large, the 
dejecta were semifiuid and contained much mucous; if small, the dejecta 
were formed though soft in character. The ingestion of 3 grm. by a 
rabbit caused active purgation in 70 mins. and again in 130 mins. A 
similar result in the main followed the introduction of a like amount 
triturated with gum acacia through an csophageal catheter into the 
stomach of a rabbit, which was temporarily anwsthetised by nitrous 
oxide gas; some mitigation of action in this instance may be attributed 
to the presence of the mucilage: 02 grm. of the seed and even less 
caused active purgation in mice. 

Effect on peristalsis. In order to ascertain the action of Garcia nutans 
seed on intestinal peristalsis, it appeared desirable to register the move- 
ment of the viscera. Etherised cats were employed for these experiments. 
One vagus and one splanchnic nerve were exposed in their thoracic 
course, ligatured and the distal ends placed upon insulated electrodes. 
Two fine gum elastic catheters terminated by compressible rubber bags 
were introduced into the intestinal lumen, one being passed from 
the stomach into the duodenum, the other from the jejunum upwards into 
the lower duodenal or upper jejunal region, so that their compressible 
portions lay some 8 cm. apart. The sounds were secured in position by 
suture at the point of introduction. Insulated electrodes were attached 
to the suprarenal bodies. Blood pressure was recorded from the left 
carotid artery. The bags and sounds were lightly charged with water 
and thereafter brought into connection with a system of water-containing 
tubes which terminated in two delicate recording mercurial manometers. 


The body temperature was maintained by means of a warm trough. The 


effect produced by stimulating thoracic vagus and splanchnic was then 
tested. If vagus stimulation caused the appearance of slight peristaltic 
contractions, or when (which was also only exceptionally the case) faint 
contraction of the circular muscular fibres appeared spontaneously, both 
splanchnic and suprarenal stimulation suspended the movement. After 
these preliminaries, emulsion of Garcia nutans seed was carried either into 
the stomach by means of an cesophageal tube or into the duodenum by 
way of the pyloric orifice. 
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Ezp. Fully etherised animal. Preparation as above. (The stomach contained a little 
nearly digested food.) The intestine was quiescent. Result of peripheral vagus stimulation 
on intestinal wall, faint contraction on two, negative on three occasions. Injection into the 
stomach of 4 grm. of emulsified seed of Garcia nutans was speedily followed by spontaneous 
movement of the walls of the duodenum which after continuing for 12 mins. gradually 
disappeared. The original condition of quiescence having been restored injection of 
a similar dose of emulsified seed was made through the pylorus directly into the 
duodenum. This was followed within 2 mins. by powerful contractions involving both 
duodenum and the upper part of the jejunum (in which the lower bag was situated 8 em. 
below the upper), the waves of peristalsis started below the pylorus rapidly traversing the 
section of intestine separating the points of observation. (Some of these contractions were 
of a greatly prolonged character and contrasted markedly both in strength and duration 
with the slight contractions which had twice followed vagus stimulation, Fig. 2.) This 
condition of local excitement, which was controlled by splanchnic stimulation, began to 
decline in 15 mins. but for a much longer time it was present in degree, whilst vagus 
stimulation was distinctly effective in causing its reappearance. 

As has been mentioned the movements were, even at their most active stage, temporarily 
suspended by splanchnic stimulation, and this is equally the case when the stimulation 
was suprarenal. There was no important modification of the blood-pressure for the first 
hour (during which time the tracing was of course taken) after injection of the emulsified 
seed. 

This experiment embodies the chief results of the remainder, which 
however showed that peristalsis is induced by garcia nut and there- 
after by vagus stimulation alike in the fed and unfed condition of the 
animal. These facts suggest that a local action of the purgative upon 
the afferent nerves of the mucosa is translated by the stimulation of 
the intramural nervous plexuses into a progressive peristaltic movement, 
which is controlled by sympathetic excitation. The effect did not 
exist long in its most active form in any one part of the intestine, but 
as the movement induced transfers the irritant to another portion of 
the tube more remote from the pylorus the excitement is developed 
in a lower-section as it declines in the upper. Probably the enhanced 
secretion which results from local action of garcia seed will serve 
to reduce the degree of irritation as the passage through the intestine 
becomes lengthened. It is possible that the anesthetic employed 
tends from the first to reduce the degree of response to a local 
stimulation. No contraction occurred in the rectal portion of the large 
intestine during the active contraction provoked in duodenum and upper 
jejunum (Fig. 2). On subsequently examining the lining of the intestine 
which had been exposed to the local action of Garcia nutans seed, no 
evidence of inflammatory action or other alteration in the mucosa could 
be detected. | | 

In order to ascertain what modification is produced in the speed of 
intestinal peristalsis after Garcia nutans, I employed the method which 
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I have previously described (Proc. Roy. Soc. XII. p. 215. 1886). A 
Vellas fistula had been established in this dog some months previously, 
the two ends of the isolated loop of intestine (jejunum) being healed 

into the linea alba. The animal was in all respects in excellent condition, 


— 


Fig. 2. Spontaneous movement of intestinal wall after introduetion of G. nutans into 
upper end of duodenum. The top line is recorded from the duodenum, the second 
from the jejunum, the third from the rectum. The signal indicates duration of 
splanchnic stimulation. The pulse and pressure recorded above by Fick’s spring 
manometer, Time is indicated below in two second intervals. 


Fig. 3. 


it was exercised daily and was keen for its food. When laid on its side 
upon the table it would usually retain its position throughout the observa- 
tion without any restraint, but if excited by a sudden noise or the 
entrance of a stranger it was necessary to lay a hand on the shoulder or 
thorax to tranquillize it. The experiment consisted in noting or recording 
the speed at which a small ivory sound (Fig. 3 a), somewhat egg-shaped, 
passed through the loop of intestine, before and after the introduction 
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of emulsion of Garcia nutans seed. This travelling sound, which is 
perforated for attachment to a thread at one extremity, is 8 mm. long 
by 4 at its greatest width. The graphic apparatus consists of two fine 
parallel steel wires (b. b.) tightly braced upon a brass frame (o) which is 
itself adjustable upon the upright bar. This bar, which has tangential 
movement, is fitted upon a heavily footed stand. On the parallel wires 
which act as guides a very light ivory frame, bearing a registering bristle 
moves vertically without friction. The silk thread (d) connected with 
the travelling sound passes over the grooved edge of a freely moving 
wheel and thence to a similar but much smaller (1 cm. diam.) wheel 
(Y placed between the upper attachments of the parallel wires. After 
passing over this wheel it is secured to the light movable frame which 
is immediately below its grooved margin. . 

When traction is made through the medium of the thread, as by the 
passage of the travelling sound into the intestinal loop, the ivory frame 
is raised, the point attached drawing an upward curve upon a recording 
surface moving slowly in front of it. The animal having been placed 
on its side, the abdomen towards the edge of the flanged wheel (e), the 
travelling sound was introduced into the upper opening (in the physiolo- 
gical sense) of the loop, the level of the wheel adjusted so as to tense the 
thread and bring the recording frame into position over the time marker. 
A record was then obtained of the speed of transit of the sound under 
existing conditions, whether of hunger or satiety. Immediately after, a 
measured amount of Garcia nutans seed was gently injected into the 
upper opening of the loop, and after a noted time had elapsed the sound 
was again introduced and a second transit recorded. Simple observa- 
tion showed that in 2 mins. to 3 mins. after the introduction of the emul- 
sion, both mouths of the loop exhibited active movement, and that from 
the lower a largely increased amount of clear intestinal fluid was ex- 
truded. This fluid soon became turbid from the presence of emulsion, 
a portion of which had thus traversed the length (11°5 cm.) of the loop. 
Though the approach or odour of food produced an increased secretion 
when the animal was hungry, the separation which ensued upon the 
local action of Garcia nutans was much greater. 

The following notes illustrate the modification in peristaltic * 
sion occasioned by local contact of the emulsion. 


Obs. 8 (Fig. 4 A and B). Na. m., animal fed 20 mins. ago. The 
and was expelled from the lower orifice in 8 mins. 45 secs. A mucilaginous emulsion of 
15 grm. of the seed was at once introduced just within the upper opening of the loop and 
4 mins. thereafter the sound was reinserted. Aotive pendulum movements of the loop 
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without propulsion for 2 mins. 10 cos. thereafter powerful coordinate peristalsis, the 
transit being now completed in 5 mins. 10 secs. or in 8 mins. 85 secs. less than in the 
control observation. The length of the loop was 11-5 cm., so that discounting the time 
before coordinate movement commenced an average of 15-6 seconds per om. is attained 
whilst the speed in the control was 1 om. in 48-6 seconds. 


L 
— i i | i i 


Fig. 4. Peristaltie propulsion of sound in the intestine. One division of the abscissa = 1 
min., one division of ordinate line=1 cm. of intestine traversed. A. 20 mins. after 
food. B. 10 mins. after completion of A, and 4 mins. after introduction of Garcia 
nutans seed (emulsified). Pendulum movements occur in B before active propulsion — 
commences. Sound introduced at X. 


Obs. 10 (Fig.5 A and B). The animal fed 80 mins. ago. Peristalsis moderate but steady, 
the sound making the journey in 12 mins. 4 minutes after the introduction of 1 grm. 
emulsioned seed marked increase of secretion which with some emulsion is extruded from 
the lower opening. On inserting the sound (6 mins.) active propagating contractions with 
some “ pendulum movements" were recorded, expulsion taking place in 5 mins. 15 secs. 
The speed of transit was therefore more than doubled. The time per 1 om. traversed is 
274 secs. before, and 62-6 secs. after introduction of Garcia nutans seed. 


10 


Fig. 5. Peristaltic propulsion of sound in the intestine, Values as in Fig. 4. A. 80 mins. 
after food. The sound traversed the loop in 12 mins. B. Taken 10 mins. after 
doompletion of A and 4 mins. after introduction of Garcia nutans seed (emulsified). 
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Whilst local excitement in the loop of intestine is distinctly abating 
in 15 to 20 mins. after introduction of the emulsion, some residue of it 
is observed for much longer, frequently for 24 to 3 hours. Local 
ansesthetics such as cocaine and very weak solutions of the members of 
the aconitine group (Phil. Trans. Oxcv. B. p. 72. 1902) when introduced 
shortly before the emulsion, greatly reduce or even altogether prevent 

the effective stimulation to peristalsis which the latter would otherwise 
have occasioned. 

No purgation of the animal resulted from the emulsion when its 
application was confined to the isolated loop of intestine, but purgation 
followed in ordinary course when the fresh reduced seed was swallowed. 
The following experiment shows how little the isolated intestine parti- | 
cipates in the otherwise general excitement under such circumstances. 


The unfed animal received 8 grm. of the seed incorporated with 5 grm. of beef fat. In 
two hours there was some restlessness, for borborygmi were frequent and the movement of 
the intestines was so active that it could be detected through the abdominal parietes. 
A record taken at this time showed no marked acceleration of peristaltic movement in the 
isolated loop, in fact the speed was almost identiéal with that recorded before the seed was 
swallowed. Active purgation occurred just as the observation terminated and was twice 
repeated at short intervals. 


Fig. 6. Time marker registers two second intervals. 


If a compressible sound is introduced deeply through the upper 
opening of the intestinal loop eight minutes after the introduction of 
emulsion of Garcia nutans seed, the record obtained shows, as might be 
anticipated from the experiments already described, very powerful and 
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enduring conttactions in the first instance, recurring at fairly regular 
intervals (Fig. 64). The individual contractions (none of which are 
marked by respiratory impulses) last for five and six seconds. Some 
rolling or pendulum movements are twice recorded. In the second tracing 
(B) taken five minutes later the contractions of the circular muscular 
coat are much less energetic though they are long sustained, fifteen 
minutes later there were only occasional contractions at long intervals. 

Action upon frogs. Injection of fresh emulsified seed of Garcia 
nutans into the stomach of decerebrated frogs is seldom followed by any 
purgative effect. After an bour's interval the organ is found to be 
energetically contracted round the emulsion and much mucous is found 
within its lumen. Small hemorrhagic spots are exceptionally present 
in the mucous membrane. 

Injection of 02 grm. or more of the fresh emulsified seed into the 
dorsal lymph sac of decerebrated frogs is followed by no evident irritation, 
but all reflex disappears in from 24 to 72 hours—occasionally 005 grm. 
may have a similar result. (There is much variation in the speed of the 
lethal issue, which further bears little relationship to the dose employed: 
occasionally there is cutaneous ulceration at the seat of injection.) 
Examination post-mortem shows the presence of a blood-tinged fluid in 
the dorsal sac, on the walls of which there are numerous hemorrhagic 
points. The heart is arrested, but the ventricle responds feebly to elec- 
trical and mechanical stimulation (when reflex has just disappeared). 
Excitability of motor nerves and muscular tissue of the extremities is 
little, if at all, reduced. 


Obs. 1. R. esc. of 88 grma. received -1 grm. of emulsified seed in dorsal lymph sac. No 
symptoms, Reflex disappeared in 44 hours. 
Obs. 2. R. esc. of 80 grms. received -05 grm. as above. 23 hours. 


Obs. 8. R. esc. of 27 grms. received ‘01 grm. as above. 62 hours. 

In no instance was there purgation or any positive symptom. In all three the presence 
of hwmorrhagic points upon the walls of the dorsal sac was recognised. There was how- 
ever no parallel appearance in stomach, intestines or elsewhere. In No. 3 there was 
slight cutaneous ulceration at the site of injection. 


(b) Action of the oil of Garcia nutans seed. 


Only a very small amount of the oil was available for experimental 
purposes and therefore the information regarding its action is 
incomplete. The results may be summarised as follows :— 
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On man. 4 grm. caused no discomfort but six hours after ingestion 


one soft evacuation with a similar effect on the morning following. 
This dose was repeated on three occasions with very similar results, thrice 
out of the four observations, sensation of warmth in the right iliac region 
four to five hours after injection is recorded. 

‘2 grm. on two occasions, negative; on a third, the morning 
evacuation on the succeeding day (154 hours) was soft in character. 

1 grm. Result invariably negative. 

On rabbits. A distinct purgative action followed doses of 6 grm. 
and a moderate effect was recorded after 4 grm. but no drastic catharsis 
resulted even from the larger amount. 

The effect of the gelatinised or concrete oil was also tried. 

On man. 6 grm. occasioned a formed evacuation in 64 hours and a 
loose evacuation on the following morning (164 hours). 

3 grm. produced a slight laxative action on the morning succeeding 
ingestion. No discomfort resulted from these or similar doses, but 
on two occasions there was a sensation of warmth, as noted above. 

On rabbits. Doses of 8 grm. were followed by a moderate purgative 
action, but the amount of urine was considerably augmented. 

A fully grown animal (2100 grms.), having received for a week a 
daily dietary of 100 grms. fresh vegetables and 150 grms. corn and bran 
mixed with 100 c.c. water, totalled for three days before administration 
of oil; feces 244 grms., urine 294 c.c., and for three days after adminis- 
tration of 8 grm. oil; feces 294 grms., urine 432¢.c. The daily average 
before administration was therefore, feoces 81 grms., urine 98 c.c., and after 
administration, feces 98 grms., urine 143 C. (On two occasions during 
the last triurnal period the feces were very soft in consistency.) 


Action of fresh seed of Garcia nutans contrasted with the oil. The irri- 
tant effect of the fresh seed is not occasioned by the oil (whether unaltered 
or altered in character) when given in corresponding doses, but a laxative 
or purgative effect is occasioned by the latter as well as by the former. 
But accepting the oily contents of the seed at 36°3°/, it is evident that the 
oil contained in 6 grm. of fresh seed (a dose which is distinctly purgative) 
would amount to ‘218 grm. Such a dose is occasionally laxative but is 
certainly far below the corresponding proportion of seed in activity. 
Even double the dose, which would correspond to nearly 1°2 grins. of seed, 
is much less active in causing purgation than 6 grm. of the seed has 
been found to be. Therefore the inference seems justified that 
some irritant principle which tends to cause discomfort, at the same 
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time increasing peristalsis and probably also incoordinate intestinal 
movement, is present in the fresh seed but is absent from the oil. 


(c) Action of the ether extracted residue of Garcia nutans seed. 


This residue, which consists of a fine greyish white powder devoid 
of greasiness and capable of reduction to an impalpable condition, 
produces discomfort in the abdominal viscera, impairment of appetite, 
and occasionally purgation in the human subject. Larger doses than 
1 grm. were inadmissible in view of the fact stated in the next paragraph. 

Action on frogs. Introduction of a very fine powder (no. 100) in 
quantities of 02 to 08 grm. well mixed with mucilage into the dorsal 
lymph sac of brainless frogs gives rise to abundant small hemorrhages 
in the wall of the sac and even to ulceration of the skin (4—5 days) in 
proximity to the deposit of powder. Reflex disappears slowly even 
after large doses. Thus 1 was followed only on the fifth day by failure 
of reflex. Clearly a very irritant principle remains in the seed after the 
oil has been thoroughly extracted by ether. 

Action upon mammalian intestine. These experiments were per- 
formed upon etherised animals (cats), the preparation being as already 
described, registration of contraction was through the medium of com- 
pressible sounds within the lumen of the intestine. 

The dry ether extracted powder of Garcia nutans seed mixed with 
mucilage when injected into the stomach or duodenum, caused only 
slight increase of spontaneous movement of the intestine, but uniformly 
increased the effect of vagus stimulation (intrathoracic), so that in place 
of a purely negative result or feeble response previously witnessed, 
active peristalsis, though of no long continuance, was induced. No 
hemorrhage or lesion of the mucous membrane was detected after 
ingestion of the powder. 

The results recorded of the action of fresh seed of Garcia nutans and 
also of the ether extracted powder are suggestive of the presence of an 
irritant (possibly hemolytic) principle, existing apart from the oil. 
The supply. of material was unfortunately so nearly exhausted that 
though an attempt was made to isolate the body the result cannot be 
considered conclusive. : 

Twelve seeds deprived of their coverings were mashed up with 10 c.c. 
of distilled water and let stand for 18 hours. Filtration through fine 
swedish filter paper into 50 c.c. absolute alcohol followed. At once a white 
cloudy precipitate separated very slowly. Filtered, the filtrate was clear. 
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Redissolved the precipitate on the filter in 10 c.c. distilled water, re- 
precipitated with alcohol, on standing the precipitate gradually settled. 
The process was repeated and the precipitate was kept in absolute 
alcohol for six weeks, This method is described by Martin’ as applied 
to the separation of the albumose of Abrus precatorius (jequirity). 

A portion of the precipitate was removed in a pipette evaporated in 
the air and dissolved in a few drops of water. The solution was injected 
into the dorsal lymph sacs of two frogs. These died in three and five 
days respectively. Upon examination, identical appearances in the 
lymph sacs were detected, many bemorrhagic points in the walls and 
a small amount of extravasated blood in the interior. The injections 
were repeated at the time with like results, but after standing for an 
additional six months the precipitate had almost completely lost its 
toxicity. A few seeds which had been in my possession for fully three 
years were treated by a similar method but failed to give the toxic effect 
when the precipitate from alcohol was dissolved in water and injected 
into frogs. Whether a toxalbumose (Martin) is actually present must 
therefore be considered undecided until another supply of fresh seeds is 
obtainable. If it should be established ultimately that the Garcia nutans 
seed contains such a body it will present a close analogy to the seeds of 
Croton tiglium, Ricinus communis and Abrus precatorius, all of which 
contain toxalbumoses. 


SEED OF OMPHALEA TRIANDRA. 


Mr Hart? states that whilst the plant bearing this seed is euphor- 
biaceous and of the same genus as the Garcia nutans and Omphalea 
diandra, it is of a different species from that embracing the former. He 
speaks of the seed as a sure but mild laxative. Dragendorff? refers to 
the oil obtained from the seed of the omphaleas as purgative and 
employable in intestinal as well as in renal ailments. 


Description. Although the width is slightly greater than the length, the seed is nearly 
spherical in form (Fig. 1, B). A faint beak is present at the micropyle from which three 
ill-defined ridges diverge and are lost on the sides. The testa is very hard and resistant, 
requiring a firm blow to break it. It is smooth and of a rusty or dullish mahogany tint 
often obscurely mottled with patches of a darker hue. Exceptionally it possesses a 
varnished appearance. The seed is light, floating buoyantly in water. Measurement 
and weight (ten seeds examined). Average length 2286 mm. from beak to hilum 


1 Proc. Roy. Soc. xuv1. p. 101. 1890. 
Heilpflanzen, p. 884. 
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(largest 25°26, smallest 21 mm.). Average width 28-04 mm. (largest 25-8, smallest 
20°56 mm.). There is therefore greater variation in width than in length. Average 
weight, 6°02 grins. (largest 6 22 grms., smallest 4°59 grms.). 

Of the seeds contained in the sample 12 °/, rattled upon shaking. When deprived of 
the testa a variable amount of papyraceous tegmen is found enveloping the endosperm 
which has a faint creamy colour, smooth section, bean-like taste but no odour. The embryo 
is upright with broad cotyledons. The endosperm average per seed is 8-258 grms., the 
testa and tegmen weighing 1-747 grms. 


An oily sensation is produced by the chewed seed, but there is no 
tickling or scratching sensation. Triturated with mucilage it yields a 
rich emulsion. 

Of the reduced seeds, deprived of integuments, 30 grms. were weighed, 
thrice extracted with ether, the ether being subsequently evaporated at 
a low temperature. The resulting oil weighed 16°98 or approximately 
17 grms. The total yield of oil is therefore 36°9 % for the seed intact or 
566 */, for the seed devoid of integuments. 

The oil is of a pale yellow or straw colour, mobile and perfectly clear. 
It possesses a faint oleagenous odour, the taste is bland, nutty and 
agreeable. Its specific gravity is 0°924 at ae . This oil retained its 
original character for more than a year, but in the ensuing six months 
a slight separation of concrete substance took place at the bottom of the 
flask. 

(a) The fresh seed, (b) the ether extracted oil, and (c) the residue 
after extraction were submitted to examination. 


(a) Action of the fresh seed. 


On man, Obs. 1. Three hours after breakfast 9 grm. of the seeds of O. triandra was 
thoroughly chewed and swallowed, the mouth being rinsed with 20 b. 0. of water, which was 
thereafter swallowed. 

5 hrs. Borborygmi with occasional tendency to evacuation. Diuresis. 

7 hrs. 80 mins. Strong prompting to evacuation, one action. Dejecta unformed. 
20 hrs. Morning evacuation very soft, in part unformed. 

25 hrs. Another evacuation of similar character. 

On the succeeding morning there was still some looseness in the dejecta. There was 
neither griping nor discomfort during the observation. 


Obs. 2. Two seeds of O. triandra were freed of integuments of the endosperm. 

6 grms. were weighed, thoroughly chewed to a pulpy mass, and swallowed, the mouth 
being thereafter thoroughly rinsed with water, which was swallowed. No peculiar sensation 
in the pharyngeal region nor abdominal discomfort followed. In 7 hours’ time there was 
some prompting to evacuation but it was not until 5 a.m. (12 hours after ingestion of the 
seed) that an action took place, preceded by a sensation of increased peristalsis and the 
occurrence of borborygmi. The dejecta were formed. A second evacuation occurred 4 hours 
later, whilst during the afternoon and evening a distinct tendency to evacuation” was 
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thrioe recorded. On the second day at 45 and 49 hours respectively after ingestion, soft 
evacuations. There was no discomfort or nausea throughout the observation. 


Obs. 8. 8-3 grms. of the kernel of à fresh seed was thoroughly chewed; it was 
somewhat leathery and 4 minutes were required for its reduction to a fine pulp. Water 
afterwards. 


4hrs. 10 mins. No griping or discomfort but a distinct tendency to evacuation. 
4hrs. 40 mins. Tendency persists. Dejecta formed but soft. 

6 bra. 80 mins. Borborygmi. No griping. 

15 hrs. Morning evacuation soft but formed. 

20 hrs. Decided tendency to evacuation. Dejeota pale and only partly formed. 

On the second day a slight laxative effect was still present. : 

These observations show in each case a laxative action, but they have 
been selected from many others in order to demonstrate the average 
effect of the doses indicated. Sometimes seeds were met with which 
had less activity than was to be anticipated from their weight. These 
probably contained less than the usual percentage of oil. An average 
dose of the fresh seed for an adult is from 4 to 5 grm. 

On rabbits. This seed did not seem to be attractive to rabbits, conse- 
quently the feeding experiments were not of a satisfactory character. 

On frogs. The introduction of the finely reduced seed with mucilage 
into the stomach or dorsal lymph sacs of decerebrated frogs was never 
followed by purgation and produced neither irritation, hemorrhage nor 
toxic effect of any sort. 


(b) Action of the oil of O. triandra. 


On man. No nausea nor local irritant action was induced by inges- 
tion of the oil. There was however a distinct laxative effect apparently 
identical with that produced by the fresh seed. No drastic effect was 
recorded from doses up to 4 c.c. Some diuresis was present, but there 
was no vesical irritation. A slight laxative effect usually, though not 
quite invariably, followed a dose of f C. c., a soft evacuation resulting on 
the succeeding morning. 

The effective dosage appears to be from 2 to 3 Ce. of the oil. 

On rabbits. From healthy rabbits receiving a dietary of fresh vege- 
tables, corn, bran and water the urine and feces were collected for several 
days, special cages of large size adapted to the purpose being employed. 

The results being sufficiently uniform the collection was continued 
for a further period of three days. On the morning of the fourth day 
a measured amount of the oil was dropped on to the back of the tongue 

of the animal and readily swallowed. Food was administered immedi- 
ately afterwards to ensure the whole of the oil being transferred to the 
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stomach. No check in growth, no reduction of appetite nor interference 
in any respect with the health resulted from the administration of the 
oil, Though rabbits are by no means susceptible towards the purgative 
oils, perhaps from the feeble muscular development of the intestinal walls, 
a positive result was regularly produced from the administration of that 
of O. triandra. The doses required are however largely in excess of 
those which are active towards man, relative body-weight being con- 
sidered. A feature of the action of Omphalea triandra oil (which is in 
accord with the effect upon man) is the long continuance of the laxative 
influence, the maximal increase of solid dejecta being usually recorded 
on the day succeeding administration rather than on the identical day. 


Obs. 1. Rabbit (1850 grms.). Dietary 150 grms. corn and bran mixed with 100 c. c. 
water, together with 100 grms. fresh vegetables. 

Amount of feces and urine for three (control) days before administration of 1 0. o. oil 
of Omphalea triandra, and for three subsequent days. 


Feces Urine 
Day 1 65grms. 95 0.0. 
2 80 75 
8 85 185 Daily average :—fmces 83 grms., urine 102 c.c. 
4 87 168 1 ¢.c. of oil administered early on 4th day. 
5 110 80 
6 91 187 Daily average :—fmces 96 grms., urine 127 C. o. 


Obs. 2. Rabbit (2105 grms.). Dietary as above but 200 c.c. water. 


Day 


75 

72 265 Daily average: —foes 69°9, urine 235 0.0. 
82 285 75 ¢.c. of oil administered early on 4th day. 
87 ‘ 
70 


oan. 


240 Daily average :—fmces 80 grms., urine 261 0. o. 


These estimations show increase of feces mainly on the second and 
of urine on the first day after administration of the oil. Some softening 
occurred in the constitution of the fes in obs. 1. In both observations 
the specific gravity of the urine was reduced during diuresis, but except- 
ing for its somewhat paler colour there was no material alteration in 
the secretion. The augmentation of urine was by 24°/, when the larger 
dose of oil was given with a smaller supply of water than it was when 
the initial secretion being very free under a doubled water supply, 
a smaller dose of oil was taken. In obs. 2 the increase is only 
of 11%, 

Experiments of the same nature as those already described in 
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connection with the action of Garcia nutans were repeated with the oil 
of O. triandra. 

This oil, as has been already shown, is but slow relatively in pro- 
ducing its action, so that in the course of prolonged observation only a 
slight tendency to increased activity of the circular musculature of the 
intestine was anticipated or, as matter of fact, observed. That the 
action is primarily local, that it is unattended by the irritant effect (seen 
in garcia seed administration), that it does not occur in the main 
intestinal track when the oil is introduced into an isolated loop of 
intestine, or vice versa, and that it is not occasioned at all by hypodermic 
injections, were the chief points elicited. Vagus stimulation, in conditions 
of hunger or satiety, after introduction of the oil into the intestine seem 
to favour an increased peristalsis, but this effect was not conspicuous. 

On frogs. Injection of the oil of O. triandra whether into stomach 
or lymph sac was neither purgative, irritant, nor toxic. Normal frogs 
which received as much as +, c.c. in the dorsal sac showed no symptom 
whatever during the six weeks in which they were under observation. 


(c) Powder of the seed after extraction by ether. 


This powder was found to be quite inert when administered to man, 
rabbits or frogs. 


OMPHALEA DIANDRA (MEGACARPA). 


This seed is of large size flattened on dorsal and ventral surfaces; viewed from above is 
almost circular in outline. Its colour is dull grey (exceptionally rusty) and the thin, hard 
but brittle testa shows fine tuberculations on its surface arranged in a linear manner 
(Fig. 1, C).. The ventral surface has two facettes separated by an obtuse median ridge. 
There is a small projecting beak at the micropyle. The seed floats. Measurement and 
weight. (Eight seeds examined.) Average length 88-93 mm. (largest 88 mm., smallest 
80°5). Average width 31°43 mm. (largest 85 mm., smallest 28). Average thickness 21-62 
mm. (largest 25 mm., smallest 18-5). The variation in length and width, respectively, are 
almost equal. Average weight (seed intact) 12-475 grms., the heaviest of the group being 
15°84 grms., the lightest 7 6 or less than half the former. 

Deprived of the testa and the thin silvery tegmen, the average weight of the seed was 
9-225, the integuments therefore weighed 3-25 grins. The endosperm is flexible and easily 
reduced, white to creamy yellow in colour, embryo upright, cotyledons broad, albumen 
abundant. The taste is nutty and agreeable, sensation on chewing oleagenous. These 
seeds lost weight and decayed much more rapidly than those of O. triandra. 


Of the seeds deprived of their coverings, 45 grms, were finely reduced 
in the mortar and thoroughly extracted with ether, which was thereafter 
evaporated at a gentle heat. The total oil obtained weighed 28°82 grms., 
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representing a percentage of 47°33 for the seed intact or 64% for the 
seed minus integuments. 

The oil of O. diandra is of a pale yellow tint, slightly darker than 
that of O. triandra, it is limpid and has an oleagenous (in no way dis- 
tinetive) odour and a bland nutty taste. Its specific gravity is 0°922 at 
15 C. thus differing but slightly from the oil of O. triandra, in the 


third place of decimals. Both seed and extracted oil readily emulsify 
with mucilage. 

The powder left after ether extraction is of a light greyish 
colour and is free from greasiness. 

Note. Professor Dunstan has just forwarded me (Jan. 1908) the 
results of the examination of this oil, kindly permitting me to insert 
them in this paper. They are therefore appended. They embody 
many important additional data. 

A small quantity of the seeds of Omphalea megacarpa (Omphalea 
diandra), which was forwarded to the Imperial Institute from the 
Botanical Department, Trinidad, has been examined in the Scientific 
and Technical Department of the Imperial Institute with the following 
results : 

The seeds consisted of shell 28 % and kernel 72% The kernels, 
when extracted with light petroleum, yielded 65 °/, of oil (equivalent 
to 46°8 %% of the whole seed). The oil was pale yellow, faintly bitter, 
readily soluble in chloroform or ether and soluble in 97 °/, alcohol to the 
extent of one part in 140 parts at 25° C. It burns without smoke or 
smell, and when exposed to the air in a warm place for several days it 
only becomes slightly thicker. The oil was slowly saponified by alkali 
with the formation of a white soap. 3 

The following constants were determined : 


15°5° C. 
Specific gravity 18558 U. eve eee wee 0-922 
Acid value ive 147 
Acid value calculated as oleic acid. 0°77 
Iodine value 12 119°7 
Melting point of fatty acids  86—87°6°C. 
‘BSolidifying point of fatty acids „ 


The oil is less viscous than castor oil and varies greatly in other 
respects, as is evident from the following comparison. 
In particular, the iodine value of the omphalea oil is considerably 
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— 


higher than that of castor oil, and indicates the presence of a larger 
proportion of unsaturated fatty acids. 


0 Megacarpa Oil Castor oil 
Specific gravity C. 0.922 0.980—0.968 
Saponification value 190°8 176—183 
Iodine value 119°7 83-4—85-9 


(The close approximation in the percentages of oil obtained from 
the seeds sent to the Imperial Institute and to Aberdeen respectively, 
indicates that the samples were equally fresh, as otherwise the loss of 
weight which the seeds undergo upon keeping would cause a material 
alteration in proportion. It may therefore be inferred that the seeds of 
the two samples were similar.) 

(a) The fresh seed, (6) the oil obtained by extraction with ether, 
and (c) the residue after extraction were used experimentally. 


(a) Action of the fresh seed. 


On man. In his letter accompanying the sample Mr Hart 
informed me that the seeds were occasionally used in Trinidad on 
account of their laxative action; about half a fresh seed to a dose. 


Obs. 1. One kernel weighing 9 grm. was thoroughly chewed and swallowed, the 
fragments remaining in the mouth being washed down with 20 b.. of water after 
rinsing. 


5 hrs. later there was a distinct tendency to evacuation unattended by griping or 
discomfort of any kind. Dejecta formed but soft. 

18 hrs. 80 mins. A full action of similar character. Diuresis. 

16 hrs. After feeling of increased peristalsis, a diarrhœaic evacuation. 

40 hrs. No renewal of purgation but the usual evacuation only partly formed. 

Obs. 2. Of fresh kernel 6 gr. were taken. 


5 hrs. 30 mins. and onwards. Slight tendency to evacuation, borborygmi occasional. 
8 hrs. 80 mins, One rather soft evacuation. 


23 hrs. The customary evacuation formed but soft. 
47 hrs. Still somewhat soft. 


Doses of 3—4 grms, were followed by a soft evacuation at the accustomed time on the 
following morning. Exceptionally from the larger amount an independent action followed 


in 7—8 hours. 
(6) Action of oil of O. diandra. 

On man. The action of the oil is closely similar to that of the fresh 
seed taken in proportion to its oily contents. It has been mentioned that 
the kernel yields 64% of the oil so that a dose of 6 grms. of the former 
(which has been shown to be distinctly laxative) would furnish 3°8 grins. of 
the latter. From this amount of oil a fairly parallel action results, though 
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if anything the effect is slightly below that of 6 grms. of fresh seed in 
activity. This may be due to the fresh seed containing less than the 
usual percentage of oil, and also, to the probability that small but 
irregular fragments may cause an additional mechanical effect favour- 
able to peristalsis, when the seed has been chewed and swallowed. The 
oil of O. diandra is so similar in character as well as in activity to that 
of O. triandra that there is a presumption of their identicity. This 
point is not however definitely decided. 

On rabbits, Feeding experiments were conducted in a similar 
manner to those in which the oil of O. triandra was employed. 


Obs.1. Rabbit of 1762 grms. Dietary 150 grms. corn and bran mixed with 100 C. o. 
water, and 100 grms. fresh vegetables. Amount of feces and urine for three (control) days, 
before administration, and for the three days subsequent to administration of 1 e. e. oil of 
Omphalea diandra. 


Feces Urine 
Day 1 69grms. 98 0. 0. 
2 70 
8 75 110 Daily average :—fmces 71 grms., urine 95 c.c. 
4 79 146 1 0. o. of oil administered early on 4th day. 
5 92 92 
6 77 101 Daily average :—fmoes 82°5 grms., urine 113 c. c. 


Obs. 2. Rabbit of 2120 grms. Dietary as before but water only one half (50 c.c.). 


Feeces Urine 
Day 1 7igrms. 60 0.0. 
2 62 85 
8 69 78 Daily average :—feces 68 grms., urine 78 c.c. 
4 84 100 75 c.c. of oil administered early on 4th day. 
5 67 95 
6 74 63 Daily average :—feces 75 grms., urine 86 c.c. 


In observation 1 the feces are increased by 15 the urine by 18 % whilst 
in observation 2 the corresponding increase is by 112 and 11°8°/, Doses 
of G cc. and 5 c.. caused a slight laxative action, whilst 4 and 3 cc. 
yielded results which were practically negative on four occasions, on a 
fifth however the larger dose was slightly though distinctly operative. 

Diuresis after O. diandra was accompanied by a fall in the specific 
gravity of the secretion but by no other material alteration. 

The action of the oil of Omphalea diandra (megacarpa) is laxative or 
purgative according to dose, it causes neither discomfort nor loss of 
appetite when given in the amounts specified to man or rabbit. There 
is no evidence that it acts as an hepatic stimulant. Its action is only 
_ moderately rapid after such administrations as have been recorded but 
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it is so far prolonged that the dejecta are usually distinctly soft in con- 
sistency 36 (or even 40) hours after a medium dose (man), whilst in 
rabbits the maximal effect is usually attained on the day after ingestion 
rather than on the same day. To this statement the result recorded in 
observation 2 is an exception. Slight diuresis occurs in man, unaccom- 
panied by subjective symptoms. Diuresis in the rabbit is greatest on 
the day of administration. 

The relatively slow development of action of the oil renders other 
experiments than those by feeding of small value. In so far as they have 
been employed the results are practically the same as for the oil of 
O. triandra (g. v.). 

On frogs. Administration by the stomach or by injection into the 
lymph sac of frogs (amounts of oi] ranging from ½ to 4 cc. being 
employed) were devoid of result of any kind. Frogs in which the brain 
was undestroyed remained for the five weeks they were under observa- 
tion in a perfectly normal condition after 4 c.c. had been injected into 
the dorsal lymph sac. 


(e) Residue of ether extracted seed of O. diandra. 


Dietetic administration of the residue to man and to rabbits alike 
does not produce any noticeable effect. 


SuMMARY. 


1. The seeds of Garcia nutans, Omphalea triandra and Omphalea 
diandra (megacarpa) are possessed of purgative properties. 

2. The action of the Omphaleas (apart from mechanical effect) 
appears to be entirely due to the presence of a fixed oil which though 
purgative, is bland and unirritating when given in effective doses. The 
degree of action of the fresh seeds stands in direct relationship to their 
oily contents. 

3. The oils of the Omphaleas show little tendency to vary with time 
from their original condition and activity. 

4. Garcia nutans seed, whilst containing a purgative oil, possesses 
an action in excess of the oily contents. It is probable that another 
(possibly deleterious) principle is contained in the seed, which may belong 
to the group of toxalbumoses. 

5. The oil rapidly undergoes changes in condition and likewise in 
its activity. 
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6. Garcia nutans (probably also the two Omphalea seeds) increase 
peristalsis by stimulating the intramural nervous plexuses (Auerbach’s, 
Meissner’s) of the intestine. The intestinal juice is markedly increased 
by the first, probably by the others to a much slighter extent. The dose 
of the oils (as oils) of the Omphaleas is sufficient to produce a feeble 
mechanical action, contributory to the purgative effect which is proper 
to these oils. 

All three seeds produce diuresis, absorption of their principles being 
thereby indicated. Garcia nutans is the most active in this respect, the 
Omphaleas are less so. This action is not exerted through the blood 
pressure, as the Omphaleas do not affect it and Garcia nutans causes no 
elevation but the reverse after it has acted for some time ; it is presum- 
able that the tissue of the kidney is directly stimulated, but the exact 
seat of action is undetermined. 

7. As effective non-irritant cathartics the seed of O. triandra and O. 
diandra or their expressed oils would constitute valuable medicinal 
agencies. The dose sufficient to prove effective is small (relatively to 
castor oil) in bulk, and the taste is far from unpleasant. 

Garcia nutans seed causes a prompt effect of a drastic character when 
given in large dose, but a simple purgative or laxative effect may be 
developed by modifying the dosage. The oil may probably be found 
the better and safer agent in the latter capacities. That it never pro- 
duced a drastic effect may be due to the restricted dose in which it was 
given. It is obviously important that if an irritant hemolytic 
principle is present in the seed, the preparation of the oil should be so 
conducted as to guarantee its exclusion. 


CAMBRIDGE ; PRINTED BY JOHN CLAY, M.A, AT THE UNIVERSITY PRESS. 
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On changes in the structure of the Thyroid Gland in wild 
rats under the influence of altered dietetic conditions. By 
CHALMERS WATSON. 


In former papers the author has shown that diet modifies the 
minute structure of the thyroid gland in tame rats. The following 
investigation was undertaken to ascertain to what extent, if any, the 
thyroid of wild rats is influenced by a diet which is unusual for these 
animals, A series of 20 young wild rats, apparently healthy, was 
obtained from a hotel basement. (For reasons given later it is essential 
in such an experiment that all the rats be obtained from the same 
source and perferably at the same time.) Ten of the series, of weights 
ranging from 60 to 130 grms. were killed on receipt; the remaining ten 
were fed in the laboratory for ten weeks on a diet of bread soaked in 
skim milk’, Under this régime the animals seemed to maintain perfect 
health although it was observed that for a time their growth was 
retarded ; their weight, when killed, ranged from 110 to 170 grms. The 
thyroid glands were fixed in 5% formalin; the glands were weighed on 
the second day, the excess of fluid having previously been removed ; one 
gland from each rat was carried through in the usual manner and 
stained with hematoxylin and eosin, a section of each series being 
stained on the same slide. The average percentage weight of the gland 
of the rats in series 1—those killed on receipt—was 0202 grms., that of 
series 2—after ten weeks feeding in the laboratory 0265 grms., which 
represents an appreciable increase in weight. There is a striking 

1 It is essential that the milk be not given in excess. _ 
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contrast in the histological appearances of the gland in the two series. 
In series 1, where the appearances are uniform throughout, the vesicles 
are large and full of colloid which takes on a delicate pink stain with 
the hematoxylin and eosin stain, the secreting cells lining the vesicles 
are flat in character and consist of a small darkly stained nucleus with 
a small amount of protoplasm in the body of the cell (Fig. 1). In 
series 2, where the picture is also uniform, the histological appearances 
are different from the above. The vesicles are for the most part small 
and contain little or no secretion. If colloid is present it appears as a 


Fig. 1. Thyroid gland of wild rat (caught Fig. 2. Thyroid gland of wild rat from 


in a hotel basement) which was killed same source as Fig. 1, after feeding 
on receipt. for 10 weeks on a bread and milk 
diet. 


thin unstained secretion, or as a faintly stained granular colloid. The 
cells lining the vesicles are large and situated at the basal part of the 
cell, there being a free margin of faintly granular protoplasm. The 
blood vessels are more prominent throughout (Fig. 2). It should be 
added that in two of this series the histological appearances are 
intermediate in character between those represented in Figs. 1 and 2. 
The striking differences in the histological appearances of the glands in 
the two series might be due to either (a) altered environment or (b) 
the changed diet. The former explanation seems not to hold good since 
I have observed that in some wild rats obtained from a different source, 
and which were killed on receipt, the histological appearances of the 
thyroid gland were identical with those described in series 2. The 
second explanation is therefore the more probable, and we have, I 
believe, in these results evidence of a modification in structure and 
function of the thyroid gland induced by diet. | 
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‘Chlorides in nerve fibres. By J. S. Macponap. 


I have recently described a series of modifications in the apparent 
distribution of potassium salts dependent upon the duration of flow and 
value of the injury current. Similar modifications can be shown to 
result from the passage of an electrical current (10 ampére) through 
electrodes into and out of a nerve trunk. The kathode is the site of 
heavy deposits of potassium at the nodes of Ranvier, from which, the 
nodes in the intrapolar region and in the anodal region are quite free. 

In continuation of these experiments I have now sought to determine 
the influence of a polarising current and of the injury current upon the 
apparent distribution of chlorides. The conditions are more complex 
than in the examination of the kation, nevertheless there is a readily 
discoverable influence to be detected. 

The sciatic nerve trunk of a frog through which a current of 
(10 ampére) has been passed is either at once, or after immersion 
in glycerine, plunged in a solution of silver nitrate and nitric acid. 
Examined after exposure to sunlight or treatment with a pyro-soda 
“developer” a very marked orientation of the precipitate present is 
found. All the nodes both in the anodal, kathodal, and intrapolar 
stretches are the sites of a precipitate, but this is least marked at the 
anode, At each node there is only an extremely short bar of precipitate 
on the kathodal side, but on the anodal side the precipitate occupies 
perhaps twenty times the distance and has the appearance of streaming 
towards the anode. 
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In order to eliminate the possibility of chlorides entering the nerve 
at the kathode from the external solution and the electrodes similar 
experiments have been performed with nerves washed previously in 
decinormal potassium nitrate and with electrodes made up with this 
solution instead of “ normal saline.” The result is the same. 

Similar appearances are found in nerve fibres through which no 
current has been passed except the “injury current,” the fibres having 
been left in “normal saline” for some time for this to occur. Examined 
in the same way the nodes nearer to the injury are found to be occupied 
by a heavier precipitate than nodes more remote and the same “stream- 


ing figures are frequently seen. 


A. S. GrONBAUM. 

The spectrum of a solution of blood, through which Liverpool coal 
gas has been passed, is quickly altered by the addition of potassium 
ferricyanide. CO from sodium formate and Leeds coal gas do not do 
this. Dr J. S. Haldane’ suggested as explanation that the spectrum 
was that of cyan-methemoglobin, possibly due to imperfect purification 
of the coal gas. Oxford gas, which is well purified, does not produce 
this change. Liverpool gas is purified with bog ore and lime, Leeds 
gas with lime. The potassium ferricyanide is not by itself responsible 
for the reaction. 


Granules of mammalian liver cells. By V. H. Morrram. 
(Preliminary Communication.) 

An easy, rapid, and permanent way of demonstrating granules in 
mammalian liver cells is to proceed as follows—fix small pieces in 40% 
formaldehyde for four hours, cut frozen in formol-gum, stain in formol- 
fuchsin, wash, pass through the alcohols and mount in balsam. The 
section may be counterstained with anilin-blue or methylene blue. 

These granules are obtained with the greatest ease in guinea-pigs, 
hedgehogs, rabbits, and rats; and preparations of the first two show no 
deterioration after nine months. It is best to keep the animals without 
food for a day or two, in order to get rid of glycogen. 

The granules compare accurately with those seen in the living cell, 
or in preparations made by means of other fixatives (eg. mercuric 
chloride, osmic-bichromate and formol-bichromate). 

1 Of. also Haldane. This Journal, xxv. p. 230. 1900. 
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The Physiological Action of the Extract of the Hypo- 
branchial Gland of “Purpura Lapillus.” By Herserr E. 
RoaF and M. NIERENSTEIN. 


In his study of the comparative physiology of the suprarenal capsules, 
Vincent, following on the work of others’, traced the presence of the 
pressor substance down through the vertebrate groups to the fishes, 
and there he found that two conditions were met with. Elasmobranchs 
possess paired segmental glands in connection with the sympathetic 
nervous system which he found to contain an active substance like 
adrenalin but he was unable to find in teleosts and ganoids any such 
pressor substance, He also failed to obtain any similar active principle 
in invertebrates*. 

One of us whilst at Aberystwyth found that on boiling the 
“purple” gland of Purpura with “Mordant” calico the latter was 
stained green, thus showing the presence of an o-di-hydroxy-phenol 
(Liebermann-Kostanecki reaction). This suggested that it might be 
possible to find in these gastropods and possibly in other invertebrates 
a substance allied to adrenalin. 

The hypobranchial gland of Purpura is situated in the mantle 
between the rectum and the gill. It is quite close to the rectum and 
is about one centimeter long by about one tenth of a millimeter in 
diameter. The function of the gland is unknown and apparently very 
little work has been done in connection with it. 

The present work has been done partly at the Port Erin Biological 
Station and partly in the Physiological Department of the University 
of Liverpool. 

The glands were dissected as free from the surrounding tissues as 
possible and an extract made by boiling water to which a trace of 
acetic acid had been added. We have tested this extract chemically, 
by perfusion of frog’s blood vessels and by blood-pressure experiments 
on rabbits. — 


1 This Journal, XXI. Proc. p. xxi. 1897, and Proc. Roy. Soc. uxt. p. 64. 1897; for the 
literature on the presence of the pressor substance in mammals and birds see the latter 


per. 
® Internat. Monatsschr, f. Anat. u. Physiol. xv. p. 1. 1898. 
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(a) CHEMICAL. 


In freshly prepared extract the colour was purple, but on standing 
it gradually became blue. Instead of giving reactions which, like 
adrenalin, appear quickly and fade rapidly, the tests showed similar 
colour reactions, but they developed more slowly and lasted much 
longer. 

3 quantity of the extract was placed in each of three test 
tubes. 

The first on addition of dilute FeCl, gave a dirty orange colour 
which gradually became green, so that in 16 hours the colour was 
well developed. The colour then gradually faded and was prac- 
tically gone at the end of 24 hours. 

On adding to the second dilute NaOH there was no change at 
first, but a pink colour gradually developed. This was fairly notice- 

able at the end of 16 hours and well marked in 24 hours, 
| n to the third tube, a drop of CuSO, solution followed by 
CN was added, instead of an instantaneous red colour! there was 
à precipitate which redissolved, but at the end of 24 hours a red 
colour had ‘developed. 

These reactions indicate a substance with a constitution somewhat 

resembling adrenalin. 


(6) PERFUSION OF FROG’S BLOOD VESSELS. 


A cannula was tied in the frog’s innominate, and after cutting the 
sinus the vessels were perfused under a constant head of pressure. 
After the blood had been washed out of the vessels and the flow 
allowed to continue for some time, the rate of flow was recorded and 
then a dilute solution of the extract in saline was perfused. The 


rate of flow was estimated by the number of cc. collected during a 
known time, 


Exr. 1. Frog completely pithed. May ist, 1907. 


Time No. of e. e. 1 
5 mins. (4.444. 49 p. m.) 10 
1 min. (4.49—4.50 p. m.) 2 2 


? Krill. Pharm. Zeitsch. xxm. p. 116. 1907. 
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Saline changed for extract diluted with saline. 


Time No. of cc. a 

2 mins. (4.50—4.52 p.m.) 4 2 

2 mins. (4.52—4.54 p.m.) 22 11 
2 mins. (4.54—4.56 p. m.) 16 08 
2 mins, (4.56—4.58 p.m.) 12 06 
5 mins. (4.58—5.08 p.m.) 29 0°68 
5 mins. (5.08—5.08 p.m.) a3 0°46 

Exp. 2. As before, May Ist, 1907. 
5 mins. (5.50—5.55 p.m.) 8 16 
5 mins. (6.55—6.00 p.m.) 11 22 
Saline changed for extract diluted with saline. 
5 mins. (6.00—6.05 p.m.) 79 1°75 
5 mins. (6.056—6.10 p.m.) 46 0-92 
5 mins. (6.10—6.15 p.m.) 4°5 0-90 
5 mins. (6.15—6.20 p.m.) 49 0-98 
5 mins. (6.20—6.25 p.m.) 59 118 
A few drops of adrenalin (Park Davis) added to the perfusing saline. 

5 mins. (6.25—6.30 p.m.) 6°4 128 
5 mins. (6.80—6.85 p.m.) 5-2 104 
5 mins. (6.85—6.40 p. m.) 4-4 0°88 
5 mins. (6.40—6.45 p.m.) 46 0°92 
5 mins. (6.45—6.50 p.m.) 28 0°56 


These experiments showed a constriction of blood vessels, This 
in experiment 2 was transient where the constriction was not so 
marked as that obtained by adrenalin. The reason that adrenalin 
took so long to act was the slow flow through the vessels. 


(c) BLOOD-PRESSURE EXPERIMENTS. 


As the constriction of the blood vessels obtained in the previous. 
section might be similar to that obtained by Slade’, who found that 
“muscle extract” causes a constriction of frog’s blood vessels; further 
experiments were undertaken to test the effect of intravenous injection 
on the blood-pressure of rabbits. Slade states that muscle extracts 
always cause a fall of blood-pressure when injected. 

The blood-pressure was recorded in the usual way from the carotid. 
The following measurements were obtained from two tracings recording 
the blood-pressure variations following injection of 1 c.c. of the extract. 
The pressures are given in mm. Hg. 

‘This Journal, xxxv. p. 168. 1907. 
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Time in seconds from 
Initial Maximum Final instant of injection 
pressure pressure pressure until pressure 
52 82 58 us 
58 90 585 250 


From these experiments we believe that there is a substance in the 


hypobranchial gland of Purpura lapillus which is allied chemically — 


and physiologically to adrenalin. Whether this substance has any 
connection with purple colouring matter can be tested by a compara- 
tive study of the hypobranchial gland in other species of Molluscs, 
which study is now in progress. The histology of the gland will also 
be investigated as this seems to require further investigation. 

In conclusion we wish to express our thanks to Prof. Herdman 
for help and advice. 


Changes in fat-content of liver cells during hunger. By 
V. H. Morrram. 


Preliminary Communication.) 


In certain animals (guinea-pig, rabbit) there is a large increase of 
fat, as shown in histological preparations, during the first two days of 
hunger. In most other animals there is normally an increase, but not 
to so marked a degree’. 

The fat appears in globules which stain brightly with Scharlach R 
either throughout, or in every stage from thin crescent to full moon. 
Often empty spaces are seen, whence, presumably, the fat has disappeared. _ 
In many preparations the phenomenon is markedly perilobular, but 
more often the fat appears throughout the liver. 

Extraction of the fat by Rosenfeld’s method gives a higher percentage 
in the liver of hungry animals than in the fully fed, and there is a close 


parallelism between histological appearance of fat and the amount 
actually obtained by extraction. 


1 Of. Nikolaides, “ Ueber d. Fettgehalt d. Drüsen in Hungerzustande und Über seine 
Bedeutung,” Arch. f. Anat. und Phys. 1899, Phys, Abth. 8. 518-24. 
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The percentage of cholesterin in ox-bile. By J. A. GARDNER 
and G. D. Knox. 


In the course of some work undertaken in the Laboratory it became 
necessary to have some rough idea of the cholesterin content of the 
gall of the ox and on looking up the books no satisfactory estimates 
could be found. In certain of the books it is stated that the gall 
stones of the ox form a convenient source for cholesterin. The authors 
have found it impossible to secure any ox gall stones and are indebted 
to Dr Russel Wells for the following statement in this connection. 
Years ago it was the practice in the slaughter houses to search the galls 
of the oxen for stones, as these were then required by the Chinese for 
the preparation of a yellow pigment, and they were found to be 
relatively common in those cattle imported from Spain. The stones 
were pigment stones and contained practically no cholesterin. 
Dr Wells wishing to have some of these stones for purposes of 
analysis after prolonged search succeeded in obtaining a specimen. 
As is confirmed by our own experience there is considerable difficulty in 
obtaining specimens of ox gall stones. The slaughterer who obtained 
Dr Wells’ specimens searched some thousands of bladders without 
success and stated that the stones are but rarely found now that cattle 
are imported from America instead of as formerly from Spain. It 
would not be without interest to investigate the reasons for this. 
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Three different methods were adopted for the determination of 
cholesterin in ox galls. In the first instance (galls I and II) the galls 
were saponified, mixed with sand, evaporated to dryness and extracted in 
a Soxhlet's apparatus with ether. In the second instance (galls A—E) 
the galls were evaporated to small bulk and extracted with ether. The 
extracted liquors were then saponified with sodium ethylate and again 
extracted, the amounts obtained in the second extract being negligible. 
- Lastly galls X and Y were thoroughly extracted with ether and the 
ethereal extracts saponified with sodium ethylate. After filtering the 
soaps, the liquors were thoroughly washed with water. In all cases the 
ether extracts were evaporated to dryness and extracted with alcohol. 
It was found that the whole or nearly the whole of the cholesterin 
obtained was recrystalisable in a sufficiently pure state from 85% 
alcohol. Some of the specimens melted correctly (140—145°) but 
others in which the melting point was somewhat lower and the cholesterin 
not quite so pure, were identified by conversion into the dibromide 
which melted at 109—110°C. 

Windhaus, Ber. d. Deut. Chem. Ges., 1906, states that the conversion 
of cholesterin into the dibromide is a convenient method of estimating 
cholesterin quantitatively and this agreed with our experience when 
relatively large quantities of pure cholesterin are available. In the 
quantities however in which the cholesterin is present in the bile the 
errors of experiment are unduly magnified and we found that the 
method appeared under these conditions to give less reliable results than 
simply weighing the crystals obtained from alcohol. The cholesterin 
content of the gall of the ox is therefore considerably lower than that 
of human gall. 

It is not without interest to notice that e of the ether 


extract of five gall bladders gave as their joint cholesterin content 
304 grammes, 


Galls. e. e. Specific gravity Cholesterin extracted. 
I 400 10814 29 gm 

? 1*0804 „ 

A 390 10216 

B 224 10220 125 „ 

0 164 10267 20 „ 

D 194 1-0216 2 „ 

E 240 10196 © 18 „ 

x 500 10262 1 „ 

Y 402 1-0258 ‘27 


Average cholesterin content per 100 ¢.c.=-07 gm. 
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Observations on body temperature, blood pressure and 
alveolar tensions of athletes. By Lronarp HL and Martin 
FLAOK. 

The obberwations were taken on medical students during the 
London Hospital and Inter-hospital athletic sports. There were cold 
-winds blowing on both days. Our thanks are due to the athletes who 
allowed us to make such observations during the period of distress 
immediately following the races. The temperature observations 
support those previously published by Arkle, Pembrey and Haldane, 
eto, but enable us to place the maximal rectal temperature, produced 
by muscular effort in a healthy young man, at the extraordinary high 
figure of 105 F. The longer the effort the higher the body temperatures 
rose. Thus W. V. F. was 101‘1° after 4 mile, 102°0° after 4 mile: 
H. 102°8° after 1 mile, 103°6° after 3 miles: H. P. 102°8° after 1 mile, 
103°8° and 105° after 3 miles. The temperature did not rise in all 
individuals. Thus J. F. P. showed no rise after 1 mile, or after 7 laps 
of the 3 mile race. 

The systolic blood-pressure was taken in the radial artery with a 
new form of the Hill-Barnard sphygmometer (B. M. J. Vol. I., p. 1253, 
1907). The pressure was found to be raised (some 30—40 mm. Hg.) 
immediately after the race and most (60—70 mm. Hg.) in those, 
like H. and H. P., whose body temperatures were highest. This 
points to the influence of cutaneous vaso-constriction, as one cause 
of their high temperature. The blood-pressures in all cases rapidly 
fell to normal or lower as the subjects rested and their panting 
became less. In the case of J. F. P. there was neither rise of blood- 
pressure nor temperature, in fact his pressure was 140 mm. Hg. after 
stripping (cold and excited) and 90 after the race. The cutaneous loss 
of heat from J. F. P. seemed from inspection to be particularly active. 

The alveolar air was collected by Haldane’s method and the results 
show that the pulmonary ventilation was more than sufficient to keep 
normal the alveolar tensions of CO, and O, It does not appear then 
that the extreme dyspnoea following the race can be caused by increased 
tension of OO, or diminished tension of O, in the blood. The high body 
temperature must contribute to the dyspnwa (Pembrey), but we think 
it cannot be the only cause, because the panting was severe in those 
cases where the body temperature was raised little or not at all. The 
important aid which the respiratory pump gives to the heart in 
maintaining the circulation is the functional use of the panting 
respiration, and probably it is excited by the unknown products which 
arise from the O, use in the muscles running beyond the rate of supply 
(Geppert and Zuntz, Löwy). 
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Two cases of Cheyne-Stokes respiration. By James 
MACKENZIE and A. R. Cusuxv. 


Case I. This was a case of advanced cardiac disease in which 
Cheyne-Stokes respiration appeared for some days and was accompanied 
by persistent hiccough. Tracings of the respiratory and hiccough © 
movements taken by means of a tambour attached over the lower 
part of the thorax show that the hiccough persisted throughout the 
apneeic intervals. In the figure the hiccough movements are indicated 
by H and the periods of apnea by a. During the intervals of apnea 
the rhythm of the hiccough was more rapid than during the periods of 
active respiration, but the violence of the spasms seemed somewhat less. 

The physiology of hiccough is still obscure and we are not aware of 
any record of the movements having been taken previously. It is 
generally stated to be a reflex movement of the diaphragm originating 
from some abnormal irritation of the stomach. If the respiratory 
centre is involved in the reflex, as is generally held, it must have 


remained excitable by nervous impulses in this case when the normal 
chemical stimulus failed to induce respiration. The slowing of the 
hiceough rhythm during the periods of active respiration is striking 
and may perhaps be analogous to the interference of two reflexes with 
a final common path (Sherrington) ; here only one afferent stimulus is 
of nervous origin however, the other being chemical. 

Case II. A case of heart failure with regular apneic periods 
during which sphygmograms indicate a fall of blood-pressure. This 
was confirmed by measurements of the blood-pressure in the arm by 
the ordinary clinical methods. The rate of the heart was the same 
during the apnea and the respiratory periods. These two features 
indicate that the inhibitory cardiac and the vasoconstrictor centres 
shared the depressed excitability of the respiratory function; otherwise 
the apnoea would have induced a rise of pressure and slowing of the 
heart. There is a distinct tendency to pulsus alternans during the 


phases of active respiration. 
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On the blood-volume of goats and its relation to their 
varying susceptibility to symptoms of caisson-disease. By 
A. E. Boycorr and G. C. C. Damanrt. 

No determination of the blood - volume of goats appears to have been 
published. The following figures were obtained by Welcher's method, 
each animal being bled first of all for a standard sample, then bled to 
death and its vessels thoroughly washed out with salt solution. The 
tissues were not subsequently extracted: this makes but little difference 
to the final result and introduces other errors’. The specific gravity 
of the blood is taken as 1050. N 


— 
— — 
1 M 189 288 191 1006 S831 656 74 1838 8˙8 
XII M 189 48 £227 — — — 
2 M 180 87° 206 874 510 542 64 106 72 
x M 170 80 #176 888 614 62 72 11 79 
XVI M 118 28 208 592 6˙91 64 7 178 
A F 812 62 i167 1874 681 757 78 270 104 
XVII F 46 170 1806s S41 647 76 198 #86 
XV F 244 40 164 1320 664 788 84 286 116 
Average 210 89 188 1122 6583 680 7 160 £886 
Av. ol males 170 284 200 888 «66190 6˙560 68˙5 106 
Av. of females 276 46 167 41596 #609 729 79 288 102 


Two goats (A, XVII) differ widely from the rest; their presence 
and the great differences in weight possibly complicate the comparison 
of the sexes. Excluding these two, the variation is small, about a mean 
of 6˙5 % (Ith) of clean weight, the whole range being from th to 
With. The variation in the mass of blood (12 % is less than that in 
oxygen capacity (24°/,). 

Seven of these animals had all been exposed to the same eight 
experiments in compressed air at +75 lbs. with varying times of 
exposure and decompression, with the result that 1 had decompression 
symptoms four times, XIII once, 2 six times, X twice, XVI three 
times, XVIII once and XVII three times. There is thus no obvious 
relation between the blood-volume and susceptibility to symptoms of 
decompression. 

2 Douglas. This Journal, XXII. p. 499. 1906. 
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The specific gravity of the blood in shock. By P. LockHart 
Mummery and W. Lr Symes. 


Preliminary note. 

In 1893 Sherrington and Copeman’ described a rise of specific 
gravity, in the blood of (anesthetized) animals, on opening the 
abdomen and manipulating the viscera, which amounted to about six 
points in the fourth figure: A like rise was noticed by them in patients 
under abdominal operations, and in animals under extensive lesions of 
the skin. They attributed the rise in question to shock, but in those of 
their observations in which blood-pressure measurements are given, it is 
apparent (from these measurements) that little if any shock was present. 
They found on the other hand that severance of the spinal cord in 
rabbits produced a fall of specific gravity in the blood of about the 
same degree as the rise above quoted. 

We have observed the specific gravity of the blood, during extreme 
shock, in cats under gross nerve lesions, and have found consistently a 
considerable fall therein, amounting usually to about twenty points in 
four figures (¢.g. a fall from 1055 to 1035). 

Our measurements were made (as those of Sherrington and 
Copeman) by the modification of Roy's method employed by Lloyd 
Jones“, and the lesion usually adopted was decapitation, followed by 
pithing the spinal cord, oxygenation of the blood being maintained by 
means of Brodie’s respiratory pump. The external hemorrhage from this 
procedure amounted usually to less than 20 c.c.; and control experiments 
in which double this amount of blood was drawn, in absence of the nerve 
lesion, indicate that this hemorrhage did not account for the fall in 

specific gravity that we found. 
| In cases where we recorded arterial pressure, we found the specific 
gravity of the blood and arterial pressure to vary in the same 
sense, specific gravity rising, e.g. during slow continuous injection of a 
1 per 25000 solution of suprarenin in normal saline. 

In other cases we omitted records of blood-pressure, to eliminate 
possible error due to the sodium sulphate employed as anticoagulant, 
but found no constant difference in the results. 

We conclude that in severe shock the specific gravity of the 
blood is diminished, and not increased as in the cases of slight shock 
described by Sherrington and Copeman. 


1 This Journal, Xv. p. 52. 1893. 
2 This Journal, u. p. 299. 1891. 
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Chlorides in nerve-fibres. By J. S. Macponaxp. 


As tested by immersion in silver nitrate, or silver nitrate to which 
varied quantities of nitric acid have been added, and subsequent exposure 


to light and “development” the chlorides in teased nerve-fibres are 


apparently increased by time spent in “normal saline” previous to the 
application of the test. This, if the electrolyte present is assumed to 
be potassium chloride, is in accord with the increase in discoverable 
potassium which is found under similar circumstances. The increase in 
chlorides is, however, so far as the tests are comparable, not of the same 
dimension as that of the potassium nor has it the same readily traced 
connection with results produced by the continuance of the “ injury 
current.” 

One very definite link however connects the two together, The 
addition of ammonia to the “normal saline ” has in both cases the same 
effect. An addition of 0°03 of NH, leaves no potassium discoverable by 
Macallum’s test, leaves no chlorides discoverable by the silver nitrate 
test, Chloroform also, although not so finally, diminishes the amount 
of chlorides found. 

Examination of a nerve-trunk as distinguished from that of teased 
nerve-fibres necessitates the addition of nitric acid to the testing 
solution. Silver nitrate alone penetrates the wall of the individual 
nerve-fibre with ease, the sheath of the nerve bundle hardly at all. Ina 
sense this difference is a measure of the protective quality of the 
connective tissue sheath. . 

The examination of nerve-trunks, the sciatic of frog, which have. 
been polarised by a current of 10~ ampéres provides evidence of chlorides 
“unmasked” by the passage of the current. Thus, as I have previously 
noted, a nerve-trunk washed in potassium nitrate and traversed by a 
current led through potassium nitrate electrodes shows a heavier 
precipitate of chlorides than one through which no polarising current has 
been passed. The comparison of such nerve-trunks with others through 
which a polarising current has been led through “normal saline ” 
electrodes has elicited a fact of interest. 

Polarised normal saline ” nerves show several points of distinction 
between kathodal and anodal nodes of Ranvier. - One of these is the 
presence of Frohmann’s lines at the anode, and complete absence 
from the kathode. Polarised potassium nitrate nerves show no such 
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distinction ; Frohmann’s lines are present everywhere, and so regularly 
as to simulate the leading feature of muscular structure’. 

There is a possibility that these anodal striations may be due to 
the break excitation taking place in a colloid material modified by the 
accumulation of acid, the presence of hydrogen ions raising the relative 
velocity of the total positive ions present. 

Polarised potassium nitrate nerves, artificially produced muscle, 
afford an opportunity for testing the value of this point of view. The 
nitrate ion is a slowly moving one and its introduction to the nerve 
electrolytes especially occurring during polarisation at the kathode, 
lowers everywhere the relative velocity of the negative ion and 22 5 
similarly increases the relative velocity of the positive. 


The effect of a meat diet upon the coats of rats, with and 
withqut a supply oflime. By E. I. Spricas. 


Three series of rats are shown, kept under identical conditions during 
the past five months, except as to diet. Those of the first series have 
been fed upon beef, both raw and cooked, and distilled water: those of 
the second series upon the same, with the addition of calcium phosphate 
three times a week in the proportion of one gramme to four rats: and 
those of the third upon bread and milk. 

The meat fed rats have rough and staring coats, as described by 
Chalmers Watson. In the second series, however, fed upon meat 
with the addition of lime, the coats, though not absolutely normal, are 
very little affected. The third series serves as a control of normal 
animals. 

The conclusion is drawn that the effect of an ox-flesh diet upon the 
coats of rats may be almost entirely obviated by the addition of a 
suitable quantity of lime to the diet. 


Electrical conditions in active arum spadices. By Miss 
C. B. SanpERs. | 
It seemed likely that arums, during their period of greatest activity, 
might show electrical responses of a definite type. The material which 
has chiefly been used is Sauromatum guitatum and this spadix is 
particularly suitable, having no epidermal layer to create special resist- 
1 J, . Macdonald. Proc. Roy. Soc, B. 76, 844. 
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ance, so that its conductivity is comparatively high for plant tissues. 
Further the spadix is very long, and the various portions are unequally 
active, so that one end may be several degrees centigrade hotter than 
the other. | 

In these experiments the response to single break induction shocks 
has been taken as the standard—these stimuli were given alternately in 
both directions. | 

Over small distances (3 to 5 cm.) on a young spadix, or one in which 
the whole length appeared to be equally active, the responses were 
uniformly “antidrome,” that is opposite in direction to the stimulus. 
The maximum recorded had a value of 006 volts. 

Taking the whole spadix length, or the whole region between the 
most extremely varying points, the responses were from the less to the 
more active spot within the tissue, while the initial current was found to 
be in the opposite direction. These initial (“normal”) currents were 
unvaryingly present, though their strength was far from constant. The 
largest response had a value of 012 volts. 

A certain number of anomalous results are recorded, but as in each 
case the spadix was also being subjected to thermoelectrical tests, the 
pressure of the junctions would probably vitiate the true response. 


The periodicity of the tremor of striated muscle immersed 
in Biedermann’s fluid. By Davip Fraser Harris. 


That the frog’s sartorius immersed in Biedermann’s fluid evinces 
a tremor (incomplete tetanus) is well known, but the time-relations of 
this tremor do not seem to have been recorded. 

The sartorius of a medium-sized frog excised with both bony 
attachments was fixed vertically in a vessel of Biedermann’s fluid, 
below to a platinum hook, above to the extremity of the short end of 
a long lever (magnifying 4°5) of the Porter type as used for frog-heart 
work. 

In a few seconds, tremor set in and was recorded for several 
minutes. The tremor was irregular, remarkably like the post-tetanic in 
character and of exactly the same periodicity, viz, on an average 
five a second. 

Now and again during the course of the tracing the muscle suddenly 
contracted, violently rolling itself up: the record of this was of course 
that of a great shortening which exhibited superposed a number of 
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— 


minute teeth at exactly the same periodicity as those of the rest of 
the tremor. This “rolled up state lasted from 8 to 12 seconds when 
the muscle elongated with considerable suddenness. 

The energy of these chemically-induced contractions is noticeably 
less than that of those induced by nerve-impulses. 


A parallel case is recorded by A. J. Carlson for the heart of 


Limulus“; “the neurogenic or stronger contractions,” “the idio-muscular 
or weaker contractions.” 


1 Amer. Journ. Phys., Jan. 1907. 
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The tension of carbon dioxide in alveolar air during exercise. 
By B. J. Conitinewoop and H. L. F. Buswex. 


Leonard Hill and Martin Flack (Proceedings of the Physiological 
Society for July 1907) make the following observations on the tension 
of CO, in alveolar air after the severe exercise of competing in foot races. 
“The alveolar air was collected by Haldane’s method and the results 
show that the pulmonary ventilation was more than sufficient to keep 
normal the alveolar tensions of CO, and O,. It does not appear then 
that the extreme dyspnoea following the race can be caused by increased 
tension of CO, or diminished tension of O, in the blood.” This view is 
in complete opposition to that expressed by Haldane and Priestley 
(This Journal, May 1905). Further the argument used to support 
it does not appear entirely conclusive. A reopening of the question 
seemed justified by the consideration that a high tension of CO, 
in the blood may well be accompanied, if lung ventilation is very 
efficient, by a lowered tension of CO, in the alveolar air. 

Method adopted in the first series of experiments:—A deep inspiration 
was taken during rest and held for 15 seconds. The CO, tension in the 
alveolar air was then estimated by a method already described (“The 
carbon dioxide tension in alveolar air during chloroform narcosis.” 


Collingwood and Buswell, Proceedings of the Physiological Society, 


Oct. 1907) The second estimation was made in precisely the same 
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manner except that it was taken after running exercise had been 
indulged in for approximately 5 minutes. The following table gives 
the percentages of CO, found in the alveolar air. 


During rest After exercise 
B. J. O. 46 % 6˙8 % 
R. F. W. 5˙2 80°), 
H. G. B. 6-0 9 59 
H. L. F. B. 6˙2 8˙0 %/, 


Method adopted in second series of experiments . This was similar in 
every respect to the first method except that the air was expelled from 
the lungs immediately after the deep inspiration. The following table 
gives the percentages of CO, found in the alveolar air. 


During rest After exercise 
B. 3.0. 4-1 % 48 % 
R. F. w. 8°5 % 5-0 % 
H. O. B. % % 
H. L. F. B. 42%, 5-8 % 


One deduces from the first table that the percentage of CO, in the 
venous blood entering the lungs is raised during exercise. The second 
table shows that the blood in passing through the lungs is exposed to a 
raised tension of CO, in the alveolar air. Finally the increased heart 
action that occurs during exercise will lead to an increased rapidity of 
blood stream through the lungs. These three factors together will lead 
to an inoreased tension of CO, in the blood leaving the lungs. 

We have failed to reproduce the results of Hill and Flack in any 
instance, de. a lowering of alveolar tension after exercise. Their results 
may perhaps be explained by the dyspnoea produced in their subjects 
being much more pronounced than in the above experiments. The 
hyperpneea thus produced may have been sufficient to over compensate 
in the alveolar air for the increased CO, tension in the blood and thus 
produce a lowered CO, tension in the alveolar air, such a lowered tension 
being due to increased lung ventilation and not to diminished CO, tension 
in the blood. 

Our results are in complete accord with the statement of Haldane 
and Priestley that “the hyperpnea of muscular work is due to a rise of 
CO, pressure in the respiratory centre.” 
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The excretion of Creatin and Creatinin in Hepatic Disease. 
By E MELLANBY. 


A series of experiments was made to determine the influence of the 
liver in a pathological condition on the excretion of creatin and creatinin. 
These substances were estimated in the urine of patients suffering from 
known diseases of the liver. 

The following results were obtained : 


A. Cirrhosis of liver. 


Total creatinin Total creatin of 
(1) é 43 years 756 grins. 0 grma, 805 C. os. 
(2) ? 43 621 0 285 
‘521 — 805 
(8) 4 46 575 0 710 
680 0 885 
(4) 2 58 25 0 350 
“44 0 650 
B. Venous engorgement of liver due to Mitral Stenosis. 
(5) 4 28 118 074 190 
114 “041 180 
(6) g 50 817 — 250 
B45 — 230 
O. Carcinoma of liver. 
(7) 40 117 685 
39 1°16 530 
(8) 1 60 46 15 1775 
All the cases of A and B, and also C7, were accompanied by ascites. 
C 8 had no apparent ascites. 


No creatin or creatinin could be found in the ascitic fluid. 
The daily excretion of creatinin in normal people varies from 1 to 
2 grams. Creatin is absent from normal urine. 
The diminished amount of creatinin excreted in the above cases may 
be due to either 
(1) General circulatory disturbances, 
or (2) Diminished liver function. 
The appearance of a large amount of creatin in the urine of patients 
suffering from carcinoma of the liver has been suggested as due to 
(1) A muscle breakdown resulting in the setting free of creatin, 
or (2) Failure of the tissues to convert creatin to creatinin, 
or (3) A direct production of this substance in the neo-plasm. 
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The carbon dioxide tension in alveolar air during chloro- 
form narcosis. By B. J. CoLLinawoop and H. L. F. BUSWELL. 


In a previous communication (Proceedings of the Physiological 
Society, March 1907) we suggested that the apnea which is produced 
by excess of chloroform might be due to the drug lowering the excita- 
bility of the respiratory centre to the CO, stimulus. Further observa- 
tions have thrown some light on the opinion then expressed. As 
antesthesia advances and becomes deeper there is a well-defined rise in 
the percentage of the CO, in the alveolar air. 

Method adopted in estimating CO, in alveolar air :—The apparatus 
consists of a glass tube 60 oem. long, with a bore of 8inm. At a distance 
of 5 mm. from each end of the tube a tap is situated. The tube is 
graduated in mins, so that each mm. corresponds to 0°2°/, of the length 
between the taps. The tube is filled with water and clamped in a 
vertical position with the lower end just under water. When an esti- 
mation is to be made the animal’s lungs are distended by squeezing a 
rubber bag which has at that moment been attached to tha free end of 
the tracheal canula. After an interval of 15 seconds the all. hal's chest 
is squeezed and the air expelled through the estimation tube, which 
tube is in connection with the tracheal canula by a T piece. The 
upper tap is now closed and an interval allowed for the air to contract 
in cooling. The tube is then lowered until the surface of the water is 
on a level with the zero mark. The upper tap is now opened 
momentarily so as to allow the water inside the tube to rise to the zero 
mark. A strong solution of NaOH is introduced into the tube above 
the upper tap. The tap is afterwards opened slightly so as to permit 
the NaOH solution to run slowly down the tube and absorb the CO, 
without the escape of any of the gases within it. There is no difficulty 
in this manipulation. The tube is now lowered further into the water 
until the levels inside and outside the tube are again identical, and 
readings are taken until a constant level is obtained. 

The object of retaining the air for 15 seconds is to avoid as far as 
possible momentary variations in lung ventilation altering the CO, 
tension in the alveolar air, and thus to obtain a more accurate measure 
of the CQ, tension in the venous blood entering the lungs, than would 
be given by the alveolar air which has not been retained. 


Investigation showed that any absorption of chloroform by the 
NaOH solution was negligible, | 


Cats were used in these experiments. 
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The following data have been obtained by this method. 
Alveolar CO, tension during anesthesia. 


54% 00, 70 ¼ CO, 
60 % 00, 6°8 % CO, 
5˙8 % 00, 74% CO, 
Average for the above experiments. 
5°78 °/, CO, 7°07 / CO, 


These experiments show that the CO, tension in the venous blood 
entering the lungs is raised during narcosis. Other experiments have 
shown that the tension of the CO, in the alveolar air is also raised. 
But since the heart action is diminished during the advance of narcosis, 
and, accordingly, the rate of blood stream, one cannot deduce with 
certainty that the tension of CO, in the arterial blood is also raised, for 
the lessened rate of flow might lead to. such a diminution of the CO, 
tension of the venous blood in the lungs as to compensate for its raised 
tension as it enters the lungs. 

The raised OO, tension in the venous blood cannot be due to 

inereased production of CO,, for during narcosis the temperature falls, 
and, therefore, the production of CO, must be diminished. Neither can 
the raised CO, tension in venous blood be due to deficient alkalinity of 
the blood, for experiments conducted by one of us [B. J. C.] have shown 
that the alkalinity of the blood is raised during narcosis. 

The increased tension of CO, in the venous blood appears then to be 
due to one of two primary causes, namely, 

(i) Slowing of blood stream. 
(ii) Deficient lung ventilation. 

Although from other considerations it may appear highly probable 
that there is deficient lung ventilation and a higher tension of CO, in 
the arterial blood and as a corollary a deficient excitability of the 
respiratory centre to the CO, stimulus, yet the above experiments, 
taken by themselves, cannot be regarded as a proof of such a thesis, 
since an alternative explanation is not logically excluded, ite. that the 
rise of CO, tension in venous blood is due to a slowing of the blood- 
stream. 
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Miles’ Mercury Key. By Jonx Berry Hayorart. 


The chief feature of this key or switch is that it retains the 
mercury without spilling. 

The key may be suddenly turned over on its face or may be thrown 
upon the ground without the mercury spilling. 

With the ordinary mercury key the spilling of mercury is unavoid- 
able, whereas with Miles’ key spilling the mercury is practically 
impossible. 

This is attained by applying the principle of the safety inkwell in a 
slightly modified form so as to better cope with the difference of inertia 
of mercury as compared with ordinary fluids. 

The mercury cups are fitted with vulcanite caps of a special form. 
They are made with a threaded spigot to screw into the cup, thus making 
it an easy matter to detach caps for cleaning out cups and contacts. 

The keys shown are in two forms, viz., that of the Du Bois key and 
that of the Pohl's commutator. 

The cross wires of the commutator are joined together in the middle 
and are thoroughly insulated from one another, thereby reducing the 
possibility of short circuiting to a minimum. 
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The Relationship of the incidence of Heatstroke to Meteor- 


ological Conditions. By Lronarp Rocers, M.D., F. R. C. P., BS., 
F. R. C. S., LMS. 


The intimate relationship between heatstroke and exposure to high 
temperature does not appear to have been seriously doubted until 
quite recently, when a few writers have suggested that some hypothe- 
tical microbe might be its cause. In support of this theory they state 
the cases occur mostly at night during the coolest part of the 24 hours 
and quite capriciously without any close relationship to heat waves. In 
order to test these statements I have worked out the data of the 
temperature and moisture at the time of the occurrence of 363 cases of 
heatstroke in the British Army in India during three years with the 
following results. 

Table I shows the monthly incidence of 60 fatal cases, all of which 
occurred in the hot months of from May to September, while three- 
fourths of them were in June and July, the hottest months of the year. 


TABLE I. Monthly incidence of fatal heatstroke in India. 
January 


0 July ... 15 
February 0 August... 4 
March 0 September 3 
April ... 0 October 0 
May ... 7 November 0 
June 31 | December 0 


Table II shows the hours of admission to hospital for heatstroke of 
62 cases. Over two-thirds of them were admitted between noon and 
8 p.m., while only one-fifth were brought to hospital during the night. 
In a series of 13 cases observed in Calcutta the exact hour of the onset 
of unconsciousness was recorded, and all but one fell between noon and 
8 pm,, and the remaining one at 10 p.m. It is clear from this that the 
very great majority of the cases do occur during the hottest period of 
the 24 hours, in association with about the maximum daily tem- 
. perature. 
TABLE II. Hour of onset. 


Noonto4p.m 4p.m.to8p.m, Sp.m.tomidnight Midnighttodam. 4a.m. to8am. 


8 am. to noon 
22 24 5 0 


7 4 


Table III shows the data of 62 fatal cases of heatstroke in India 
classed in accordance with the maximum air temperature of the day on 
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which they occurred and further subdivided in relationship to the per- 
centage of saturation of the air with moisture. 
TABLE III. Degrees of maximum air temperature and moisture 
associated with the occurrence of fatal heatstroke. 
Percentage of moisture in the air 


— 
— 


—95 — — — — 1 3 3 7 
95—99 — — — —— 1 2 1 4 
100103 — * 2 — — 1 — 12 
104—108 2 2 1 5 4 2 — 16 
+108 1 7 9 2 4 — — 23 


It will be seen from this table that very few cases of heatstroke 
occur with a maximum air temperature of less than 100° F., and that 
these few all occurred when over 60 per cent. of moisture was present, 
and most of them with over 70 per cent., very damp atmospheres which 
greatly interfere with the evaporation of perspiration from the skin and 
thus materially lessen the efficiency of the cooling mechanism of the 
body. When, however, the air temperature exceeds that of the human 
body, then cases of heatstroke occur with drier atmospheres, although it 
is not until the maximum air temperature reaches 108° F. or over, that 
they become at all frequent with a moisture of under 51 per cent. of 
saturation. 

Similar data have been worked out for a total number of 363 cases 
of heatstroke in India, and furnish precisely parallel figures to those 
given above. It may therefore be concluded that when both the air 
temperature and the moisture are taken into consideration, a most 
intimate relationship between meteorological conditions and the inci- 
dence of heatstroke is seen to occur. 

It has also been stated by the microbe theorists that there is no 
close relationship between heatwaves and heatstroke. My data show 
a most intimate relationship between the two. To mention only one 
example, an unusual number of cases of heatstroke occurred in Peshawar 
during 20 consecutive days of June and July when the maximum air 
temperature varied between 103° and 117°F., having reached 110° F. or 
over in 13 out of the 20 days. The outbreak ceased W the day 
after the maximum temperature fell to 90° F. 

Once more, on the hottest day in the United Provinces of my three 
years records, with a temperature of 110°5° F. two cases of heatstroke 
occurred spread over no less than six stations, an incidence which i is very 
hard to explain on the microbic theory. 
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The whole of the facts, then, are in accordance with a purely 
physiological explanation of the causation of heatstroke, the great 
majority of the cases dealt with having occurred in the absence of either 
fatigue or exposure to the direct rays of the sun. If fatigue is added 
the condition will be greatly predisposed to and may occur at somewhat 
lower temperatures, as Dr Pembrey pointed out in the discussion on 
this note. 


Action of Aconitine on nerve-fibres. By A. D. WALLER. 


The action of Aconitine upon nerve-endings is well known; little or 
nothing is known concerning its action upon nerve-fibres. 

Effects upon the fibre as distinguished from effects upon the ending 
can only be demonstrated electrically—by galvanometer or by electro- 
meter—and the fact whether or no any given poison acts upon nerve— 
i.e. upon the fibre has to be tested under the following conditions: 

A. The excised nerves are tested before and after their immersion 
in a solution of the poison. 

B. The nerves of an animal (frog) are tested e ee some time 
after the injection of a lethal dose of the poison. 

Several years ago I showed by method A that aconitine (1% in 
saline) is extremely active upon nerve-fibre as compared with aconine 
(1°/, in saline), which applied under similar conditions is practically 
inert’. 

Subsequently I have by the same method further studied and 
frequently demonstrated the great activity of aconitine, in 1 per 1000, 
1 per 10,000 and 1 per 100,000 in saline, and I have found that its 
action upon nerve - fibres can be demonstrated with certainty by 
method B. 

A typical experiment is as follows: a frog is chloroformed and killed 
by the injection of a drop of a 1% solution of aconitine. The nerves 
are excised and tested for the negative variation in the usual way; no 
response whatever is obtained, whereas the nerves of a normal (chloro- 
formed) frog placed upon the same testing electrodes give evidence that 
the apparatus is in proper working order. 

The action of aconitine upon nerve-fibres tested by method A exhibits 


"Aston ltl Nerv of Brain, p. 569 
1896. Figs. 85, 87. 
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a peculiarity similar to that exhibited by protoveratrine’, ie, the 
response is persistent, not followed by any after effect in the opposite 
direction and the normal unfatiguability of nerve is completely 
abolished. 

It always happens that the successive responses of an aconitinised 
nerve are of rapidly diminishing magnitude; sometimes the second or 


Method A. Negative variations of frog’s Sciatic before and after immersion in Aconitine 
hydrochloride 1°/, sol. in saline for one minute. 
The excitations (tetanisation) are at intervals of one minute. 


1 Action of Veratrine and Protoveratrine on Muscle and Nerve, Proceedings, 
Physiological Society. July 1899. 
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third response is of vanishing magnitude ; sometimes one solitary large 
response is obtained at the first excitation and none subsequently. 

The current of injury observed when a longitudinal surface and 
a fresh transverse section are led off to the galvanometer is small or 
absent in the nerves of aconitinised frogs (method B) and in nerves 
aconitinised by prolonged immersion in dilute solutions. The current 
of injury is not diminished by brief immersion in stronger solutions. 

I may remark in passing that the effects have been completely 
absent in one experiment made with commercial aconitine and that 
they have not once failed to appear in a consecutive series of ten 
trials made with certified alkaloids. The specimens I have used are 
from Prof. Dunstan’s laboratory, and I may further state that the 
products called Indaconitine and “Japaconitine” act like “ Aconi- 
tine.” 

The following figures are from an illustrative experiment made 
yesterday and to-day. 


Current of N 
injury —— 4 
A nerve yesterday ... +0°0050 00020 volt. 
The same to-day after 3 teen kept in 
1/10000 Pate solution... Nil Nil 
A nerve removed from an aconitinised tog year 
day and tested at once — 700010 Nil 
+0°0010 Nil 
” ” to-day 700070 0•0025 
ster immersion for 1 min, in lst exc. 
1% aconitine +00070 ~ 0°0020 permanent 
2nd exc. 
— 0°0002 
_ Brd exe. 
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Some experiments on the guaiacum reaction of blood. 
By Gronda SENTER. 


Some years ago, in the course of an investigation of the enzyme 
in blood which decomposes hydrogen peroxide’, I showed that the 
catalysing enzyme could be destroyed by heating blood, mixed with 
200 times its volume of water, for 20 minutes at 65°, and thut under 
these circumstances the power of giving the guaiacum reaction was not 
appreciably lessened. Incidentally, a few experiments were made as to 
the effect of higher temperatures on the capacity of giving the guaiacum 
reaction and it was found that at the highest temperature used—75°— 
the property in question was considerably weakened but not completely 
destroyed in half an hour’, 

Several observers have shown that the power of blood to give the 
guaiacum reaction is not destroyed by heating to boiling* or even by 
boiling for some time (Moitessier, 1904). Although this observation 
is not in contradiction with the foregoing results, it appears to show 
that the falling off in activity at 100° is not so great as would be expected 
from the results at 75°, and the experiments on the effect of heat on the 
property in question have therefore been repeated and the results 
described in my previous paper confirmed. In four independent series 

1 Zeitech. physikalische Chemie, xu1v. pp. 257-816. 1903. 


2 loc. cit. p. 276. 
> Hammarsten, Physiologische Chemie, p. 563. 1904. 
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of experiments with different samples of blood, it was found that after 
heating a mixture of 1 volume of blood and 200 volumes of water for 
one hour at 100°, there was in all cases a considerable diminution in 
its activity towards guaiacum tincture and peroxide’. 

For several reasons however, the true effect of heat on the reaction 
in question cannot be accurately determined. On the one hand, the 
active constituent will probably be coagulated by heat, will thus expose 
a smaller surface and therefore give an apparently smaller effect. On 
the other hand, the development of the blue colour depends greatly on 
the peroxide concentration—mixtures of blood and guaiacum which 
give no appreciable colour with a definite amount of peroxide give a 
deep blue colour when double the amount of the latter reagent is used. 
The blue colour only develops gradually, and it is therefore clear that 
in comparison experiments with boiled and unboiled blood the latter is 
at a great disadvantage, as the peroxide is to a large extent destroyed 
by the catalytic enzyme before the full development of the blue 
colour. The fact that even under these conditions boiled blood is 
apparently less active than unboiled probably indicates that the real loss 
of activity on boiling is very considerable, but for the reasons given no 
accurate comparison is possible, 

A third cause of uncertainty arises from the fact that sodium chloride, 
the chief mineral constituent of blood, also gives the guaiacum reaction. 
One sample of sodium chloride used in the experiments was obtained 
from Kahlbaum and was recrystallized, another was purified by precipi- 
tating twice with hydrochloric acid gas and subsequent ignition, With 
a mixture of 3 C. of 1°/, guaiacum tincture and 2c.c. of 1% hydrogen 
peroxide, 7 or 8 drops of a 0.5 % solution of sodium chloride gave a 
distinct blue colour which gradually deepened. Pure potassium chloride 
(Kahlbaum) gave the same result. ‘ 

It seems probable that the reaction in question is due to 
the action of the peroxide on the chloride, according to the equation 
2NaCl + H. O. 2NaOH +Cl,, the liberated chlorine, as an oxidizing 
agent, causing the development of the blue colour. Direct experiment 
showed that very dilute chlorine water gives a deep blue colour with 
guaiacum tincture. 

From the above results it is evident that qualitative experiments in 
which a large amount of blood is boiled for some time and is then found 

The same observation has been made by Cazyhlarz and von Fürth in a paper just 


published (Hofmeisters Beiträge, which 
drawn by Dr Brodie, my attention has kindly been 
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to give the guaiaoum reaction are valueless for deciding the question as to 
whether the original compound in blood which gives the guaiacum 
reaction is destroyed by heat. Comparative experiments have, however, 
shown that even after prolonged heating at 100° in dilute aqueous 
solution, the power of blood to give the guaiacum reaction is con- 
siderably greater than could be accounted for by the sodium chloride 
present. Any enzyme would almost certainly be destroyed under these 
conditions, and it follows that, as has been suggested by several 
observers, there is a substance of non-enzymatic nature in blood which 
gives the guaiacum reaction. 

The effect in question has been widely ascribed to haemoglobin’, and 
Moitessier“ more particularly has recently brought forward strong 
evidence to show that this property is connected with the presence of 
iron. An observation I have recently made is of interest in this con- 
nection—it was found that the bluing caused by ferrous sulphate and 
peroxide was prevented by the previous addition to the guaiacum 
solution of a few drops of ammonium oxalate, whilst the latter reagent 
has no apparent effect on the development of the blue colour due to 
blood and peroxide. Although at first sight this might seem to tell 
against the view that the reaction with blood is connected with the 
presence of iron, this is not necessarily the case, as the iron in haemoglobin 
may be present in such a form that it does not react with the oxalate 
but reacts with the peroxide and guaiacum tincture. The negative 
result with ferrous salts in the presence of ammonium oxalate is pro- 
bably due to the conversion of the Fe~ ions into complex ions of the type 
Fe(C, O). 

If the above results, which are of a preliminary nature, are confirmed 
on further investigation, they should prove of advantage in the detection 
of blood in the presence of iron salts. 


1 Compare Schir, Zeitsch. fiir Biologie, xxx. p. 330. 1899. 
2 Moitessier (Compt. Rend. Soc. Biologie, IVI. ii. p. 878, 1904, quoted by Cayhlarz 
and von Fürth, I. c. p. 859) has shown that only the haematin components of 
(and not haematoporphyrin) give the guaiacum reaction. Compare also Buckmaster 
(These Proc. xxxv. 1907) and Lesser (Zeitsch, fiir Biologie, LA. p. 571. 1907). 
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A comparison of the chemical composition of three human 
brains at different ages. By Wavprmar Koch and S. A. Many. 


[From the Hull Physiological Laboratory, University of Chicugo, 
and the Pathological Laboratory of the London County Asylums.] 


Among chemical investigations of the changes which take place 
during the growth of the brain that of Noll” is the most complete. 
He found that with the beginning of myelination there appeared an 
alcohol soluble substance, from which he could split off a reducing sugar 
on heating with dilute acid. As he was not familiar with the work of 
Thudichum™®, the repetition of whose obsevations by Thierfelder™ 
and Koch “ had not then been published, he refers to this substance as 
protagon instead of cerebrin. In a recent investigation” are given the 
results of some analyses which make it probable that protagon contains, 
among other things, one molecule of lecithin, three molecules of cerebrin 
and one of sulphuric acid. The fact that it is quite impossible to ex- 
tract lecithin from the preparation with cold alcohol or ether, in both of 
which pure lecithin is quite soluble, and that the sulphuric acid cannot 
be removed except after prolonged boiling with dilute hydrochloric acid, 
leads to the suggestion of the possible existence of the following com- 
pound in protagon. 

0 


The remaining two molecules of cerebrin would be probably repre- 
sented by Gamgee’s pseudo-cerebrin or Thierfelder's cerebron. 

Among the other constituents of the nervous system kephalin® also 
probably serves a very important function in the medullated sheath. 

As a number of analyses of normal human brains of different ages 
had become available in the course of other investigations, it was 
suggested by Dr F. W. Mott that we put them together for purposes of 
comparison. The description of the cases will be given elsewhere, the 
numbers are in continuation of cases previously published”, The 
methods of analysis are also scattered through a number of publications 
and, as they have been frequently revised, it is the intention to republish 
them in the near future, 
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In Case 13 it was found impossible to separate sufficient white 
matter for analysis, so the whole of one hemisphere was used. For 
better comparison Cases 14 and 15 were also calculated for the whole 
brain, by averaging the white and grey, a proceeding which can be 
shown to be approximately correct by the following experiment made 
on another brain. 


Whole brain 
Grey White Average calc. 
Moisture in per cent. 88°27 68°74 76°00 76°34 
TABLE I. 
Comparison of Brains at different ages. 
Case 18 Case 14 Case 15 
6 weeks 2 

Proteins ... £66 44 319 
Extractives 12°0 10°0 59 80 95 3-9 67 
Ash * 5˙8 8-2 4°65 5-9 2-4 #1 
Leeithins & Kephalins 24-2 24°7 26°38 25°65 23°7 81-0 27°83 
Oerebrins... 6-9 8°6 17˙2 12°9 8˙8 16˙6 
Lipoid 80. 01 0-1 0-5 0-1 0-5 03 
Cholesterin (by diff.) 19 2˙4 15˙0 8˙7 4˙9 18°5 117 
MOISTURE 8878 8449 7645 8317 6967 £47642 
Total 8. 0°52 0°53 0°68 0°58 0-46 0°50 0°48 
Total P. ah 1°72 1-50 1°46 148 1°45 1°45 145 

Distribution of sulphur in per cent. of total 8. 
Protein 8. ose 62 63 55 59 78 51 62 
Lipoid 8.... mt 6 6 27 17 7 36 22 
Neutral 8. 26 22 18 17 12 6 4 
Inorganic 8. ad 6 9 5 7 8 7 7 

Distribution of phosphorus in per cent. of total P. 

Protein P. ee 5 6 6 6 5 5 5 
Lipoid P. ‘a * 62 72 67 68 81 72 
Water Soluble P. ... 41 82 22 a7 82 15 33 


(1) Lépoid sulphur. Sulphur in combination with lecithin and cerebin, cannot be 
removed by cold dilute hydrochloric acid, but splits off on prolonged boiling with dilute 
hydrochloric acid as sulphates. 

(2) Neutral sulphur. Does not split off as sulphuric acid on prolonged boiling with 
dilute hydrochloric acid. Does not form lead sulphide on treatment with alkali and lead 
acetate. Is not precipitated with phosphotungstic acid except to a very slight amount 
(about 5 %). Reacts with a napthyl isocyanate like an amino acid and represents therefore 
an intermediary state in the oxidation of eystin to sulphuric acid or ethereal sulphates, 
probably of the nature of taurin. 

(3) Inorganic sulphur. Precipitated directly by barium chloride in acid solution 
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In the above table is to be observed with the growth of the brain: 

A decreasein moisture, proteins, extractives, and ash, a change usually 
found in growing tissues. 

An inoreuse in cerebrins, lipoid sulphur and cholesterin, in other 
words the substances which predominate in the white matter. 

The relative increase in the lecithin and kephalin is not so apparent, 
as at an early age the brain is supplied with practically the same pro- 
portion of lecithin and kephalin as the adult; in fact, it is the richest 
tissue in these constituents, the adrenal coming next with 12°/, and the 
liver with 10% 

In the distribution of phosphorus and sulphur there is to be observed 
a tendency of the water soluble forms to become converted into more 
complex water insoluble forms, principally lipoids, which increase much 
more in actual amount than the above increase in relative amount 
might indicate. The variation in both the protein sulphur and 


phosphorus is less than might be expected. 
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Body temperature and periodicity. By W. A. Osnonxx. 


The diurnal oscillation of human body temperature which has its 
minimum in the small hours of the morning and its maximum about 
6 p.m. is well marked ever if the subject be confined to bed and 
deprived of food. No perfect inversion of this temperature curve has 
as yet been found with night workers. These facts might lead one to 
suppose that the oscillation in question is a matter of body periodicity 
akin to seasonal and lunar changes in the animal body. If this were 
the case a true inversion of night and day might not be followed 
immediately by an inversion of the temperature curve, just as some 
deciduous trees transported from Europe to Australia require some 
years for their budding or shedding of leaves to fit in with the new 
spring or autumn. It was with this hypothesis in view that the 
following short series of temperature determinations was conducted in 
a voyage from Melbourne to London in the T. S. S. Marathon, October 
16th to December 2nd, 1907. I had noted that my own daily maximum 
of temperature in Melbourne occurred about 6 p.m. and I was desirous 
of seeing whether this maximum remained during the voyage at 6 p.m. 
Melbourne time or took place at a certain hour relative to local or ship's 


time. 
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The ship’s course from Australia to South Africa, particularly from 


Fremantle to Natal, was not far removed from due west, so that a 


maximum alteration of time for the ship's speed and latitude was 
obtained. 

Between Melbourne and Fremantle I contented myself with taking 
mouth temperatures on account of the obvious conveaience of the 
method, but soon found that mouth temperatures at sea were far more 
unreliable than on land, chiefly, I presume, on account of the strong 
ventilation due to the ship’s motion. From Fremantle on temperatures 
were taken in the rectum. I avoided times near defaecation or soon 
after exercise, meals or liquid refreshment. I remained in good health 
during the voyage. The thermometers used were checked in Melbourne 
against a Kew standard (certified 1903). 

The local time used was that of the ship at noon so that the times 
recorded in late evening or early morning were some minutes wrong, but 
I have not thought it necessary to make any correction for this error. 

The following table gives the results of the observations ; D.B. = dry- 
bulb reading, W. B. = wet-bulb reading. The longitude was that at noon 


on which the ship’s time was based. The Fahrenheit scale has been 
used throughout. 


October 23rd; Fremantle, Long. 115° E. 


Local Time Melbourne Time Greenwich Time Temp. Remarks 

4.80 a.m. 6.28 a.m. 8.48 p.m. 978 

6.80 a.m. 8.28 a.m. 10.48 p.m. 98°1 D. B. 66˙2 

2 p.m. 8.58 p.m. 6.18 a.m. 98°65 D.B.=69°8 
W.B.=59°9 

4 p.m. 5.58 p.m. 8.18 a.m. 98°6 

6 p.m. 7.58 p.m. 10.18 a.m. 99˙4 D. B. 66˙2 
W. B. 64˙4 

8.80 p. m. 10.28 p.m. 0.48 p.m. 98°8 

10.30 p.m. 0.28 a.m. 2.48 p.m. 98˙2 


October 24th ; Southern Indian Ocean, Long. 110° E. 


Melbourne Time Greenwich Time 


1 pm. 8.20 p. m. 5.40 a.m. 98-4 D. B. 62˙6 
W. B. 59 
4 pm. 6.20 p.m. 8.40 a.m. 98-9 
6 p.m. 8.20 p.m. 10.40 a.m. 99 
7.45 p. m. 10.5 p. m. 0.25 p.m. 98°4 
11.35 p.m. 1.55 p.m. 98°1 
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Gr. November 6th; Durban, Long. 30° 45’ K. 
Local Time Melbourne Time Greenwich Time Temp. Remarks 
4.30 a.m. 12.7 p.m. 2.27 a.m. 98 
7.30 a.m. 3.7 p.m. 5.27 a.m. 98˙4 
10.15 a. m. 5.52 p.m. 8.12 a.m. 98-65 D.B. =66-2 
12 noon 7.87 p.m. 9.57 a.m. 98-6 
8 p.m. 10.37 p.m. 0.57 p.m. 98 
6 p.m. 1.87 a.m. 8.57 p.m. 98-4 
9 p.m. 4.37 a.m. 6.57 p.m. 98-4 
10.30 p.m. 6.7 a.m. 8.27 p.m. 97°8 


November 13th ; South Atlantic Ocean, Long. 11° 18“ E. 


Local Time Melbourne Time Greenwich Time Temp. Remarks 
7.30 a.m. 4.25 p.m. 6.45 a.m. 98°8 Weather got 
warmer in night, 
woke hot. 
1 p.m. 9.55 p.m. 0.15 p.m. 98-4 
4 p.m. 0.55 a.m. 3.15 p.m. 98°85 
5 pm 1.55 a.m. 4.15 p.m. 99 D.B.=68 
6 p.m. 2.55 a.m. 5.15 p.m. 99 
9 pm. 5.55 a.m. 8.15 p.m. 98°5 
10.30 p.m. 7.25 a.m. 9.45 p.m. 98 
November 25th; Long. 17° W. 
Local Time. Melbourne Time Greenwich Time Temp. 
2 pm. 0.48 a.m. 3.8 p.m. 98°6 
8.80 p.m. 4.18 a.m. 6.38 p.m. 98°8 
6 pm. 4.48 a.m. 7.8 p.m. 98°8 
11 p.m. 9.48 a.m. 0.8 a.m. 98-2 


The above results though fragmentary rather tend to prove that the 
time of evening maximum takes place with regard to local time and not 
the time of the starting point Melbourne. 

They do not however disprove the existence of body periodicity nor 
prove that the evening maximum is determined solely by the hours of 
sleep, the activities of the day and the diurnal variations of light and 
heat, for a true periodicity might have been present but adjusted to the 
new conditions owing to the very gradual manner these were introduced. 

I have to thank Captain Allan and the officers of the T. S. S. Marathon 
for their courtesy and help. 
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Further observations on the body-temperature of fishes. 
By SUTHERLAND Simpson. 


In a previous paper! I gave the results of some observations which I 
had made on the body-temperature of several species of elasmobranch 
and teleostean fishes, crustaceans and echinoderms, Since then I have 
extended my observations to another species of the teleostei, viz. the 
herring (Clupea harengus). 

These fish were caught in a net in the Firth of Forth off Musselburgh. 
The net was ground-set —i.e. buoyed and anchored at each end—at 
night, and hauled in the early morning as soon as there was sufficient 
daylight to allow of the thermometer being read. The water in this 
part of the Firth being comparatively shallow (4 to 5 fathoms), the net 
extended from within 4 feet of the surface to the bottom. As my 
object was to compare the temperature of the fish with that of the water 
in which they. live it was necessary that I should ascertain the 
temperature of the sea at different depths, and for this purpose I 
employed a Buchanan-Richard reversing water bottle kindly lent me 
by Dr Bruce, Director of the Scottish Oceanographical Laboratory, to 
whom I desire to express my. indebtedness. With this instrument 
samples of water were drawn from different depths and the temperature 
observed with the same thermometer that was used for the fish, viz. 
one with a centigrade scale and a range from — 5° to + 13°, each degree 
being divided into 10ths and easily read to 20ths. The bulb of the 
thermometer was introduced through the mouth into the stomach while 
the fish were meshed in the net and before they were removed from the 
water. A few were dead, but the great majority were alive and very 
active when caught. The hand of the observer was never brought into 
contact with the body of the fish. 

The results are given in condensed form in the following tables :—. 


Dec, 24th, 1907. Dec, 25th. 
Air 8°8° C., water 6-2°C., 7 fish caught. | Air 5-2°C., water 6-4°C., 20 fish caught. 
Number Temperature Difference Number Temperature Difference 
3 6-2° C 00° C 8 (dead) 64° C. 0-0° C. 
2 6-25 0-05 5 (alive) 64 0-0 
2 6-8 0-1 8 6˙4 0-05 
7 Mean 6-24 0-04 2 „ 6˙5 91 
6°55 0-15 
12 (alive) Mean 6-45 0-05 


Proc. Roy. Soc. Edin. xxvux, 1908, p. 66. 


— 
4% 
: 
4 
: 
; 
* 
* 
N 
— 
7 
2 
+ 
q 
7 
* 
4 
N 
4 
— 


SOCIETY, JANUARY 25, 1908. xliii 


Dee, 26th. Dec. 27th. 
Air 6˙0˙ C., water 6°8° O., 59 fish canght Air 47° C., water 67° O., 8 fish caught. 
(37 examined). Number Temperature Difference 
Number Temperature Difference 1 6˙7 C. 0˙0 0 
18 6˙8 . 0-0° 1 6˙8 0-1 
7 6°85 0-05 1 6˙9 0-2 
5 6˙9 0˙1 
ans: 916 8 Mean 6°8 01 
27 Mean 6°84 0°04 


On the above days the wind was from the East and South-east, with 
a choppy sea, and the water was so thoroughly mixed that its temperature 
was found to be uniform from surface to bottom, but during the week 
that followed (Dec. 30th to Jan. 4th) the weather was calm and intensely 
cold, and the sea was still. Under these conditions the temperature of 
the water was no longer uniform, but rose from the surface downwards 
(eg. on Jan. 2nd it was 4°4°C. at the surface and 5°8°C. at the bottom) 
and as it was very difficult to locate the depth at which each fish was 
meshed in the net the temperature of the water which surrounded it 
could not be stated with certainty, so that comparative a could 
not be obtained. 

In addition to the fact that they were less plentiful during this cold 
weather (the average catch for the 6 days was only 11), it was observed 
that the fish were almost all in the lower part of the net, from.which it 
would appear that they preferred to swim in the warmer water. 

It happened on one day (Jan. 3rd) that the temperature of the sea 
was uniform below a distance of 1 fathom from the surface, and as all 
the fish were meshed in the lower part of the net it was.possible to be 
certain of the temperature of the water by which they had been 


Jan. 8rd, 1908. 
Air, 42° C., 10 fish caught. 
Water Fish 
17 — T ature Differen co 
0 42 C. 2 54° C. 0-0° O. 
4 47 8 5°45 0-05 
1 5˙4 2 5˙5 0-01 
1, 54 2 5-65 0-15 
2 5:4 1 5˙6 0˙2 
3 5˙4 — — 
4 (bottom) 6˙4 — — 
10 Mean 5°49 0-09 
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surrounded. On all the other days the temperature increased gradually 
with the depth. 


Jan. llth. 
Air, 8° C., 52 fish caught (26 examined). 
Water 
“Fathoms Temperature Number Temperature Difference 
0 C. 4 46° 00° 0. 
4˙6 12 4°65 0-05 
i 46 4 47 0˙1 
2 46 2 4-75 0-15 
8 4-6 8 4°38 0-2 
4 (bottom) 46 — — — 
25 Mean 4°68 0-08 


On Jan. 7th, 8th and 9th the worst storm of the winter raged in the 
Firth, with a very heavy sea, and on the 11th the water had been so 
completely mixed that its temperature was practically uniform again. 

The results of these and of my former observations will be found in 
the following table, where the number of individuals examined, and the 
minimum, maximum and mean temperature difference for each species 
are given. 


Species Number Minimum Maximum Mean 
Cod ete 90 0˙2 0. 07° 0. 0-4° C. 
Ling at 5 0-4 0-6 0°56 
Torsk = eos 1 0-4 0-4 0-4 
Coal-fish (adult) 1 0˙7 0˙7 0-7 

„ (immature) 12 0-0 0-1 0-008 
Flounder ... 4 25 0-0 0-2 0-028 
1 0-0 0-0 0-0 
Herring ... 84 0-0 0-2 0-06 
Dog-fish ... 2 0-0 0-0 0-0 
Shore crab 59 0-0 0-2 0-084 
Edible crab 40 0-0 0-3 0-12 
Lobster . 1 0˙1 0˙1 0˙1 
Sea-urchin 45 0-0 0-2 0-029 
Starfish . 8 0-0 0-0 0-0 


Former observers have dealt with fresh water fishes for the most 


part, but the above figures are considerably lower than those obtained 
by them. 
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Effect on nail growth and sensation of section of a cutaneous 
digital nerve, and effect on sensation of cocainising a cutaneous 
nerve of the foot. (Preliminary Communication.) By J. N. LANGLEY. 


On March 19, 1906, I accidentally severed close to the end of the 
first phalanx of the left index finger, the branch of the median nerve 
which runs to the digit on its palmar and ulnar border. About four 
months after the injury I noticed certain changes in the nail, the most 
striking of which was an increase in the attachment of the nail at its 
anterior edge. This increased slowly for about 12 months so that then 
the bed of the nail projected slightly beyond the tip of the finger. The 
area of forward extension corresponded closely with the area on the 
palmar surface of the finger in which light pressure caused a tingling 
sensation instead of the normal touch sensation; there was little change 
in the outer fourth of the nail, the attachment of the outer border being 
1} to 2 mm. posterior to that of the inner border. Since that time 
slight changes, which need not here be noticed, have taken place. 

The tingling sensation caused by pressure has persisted from an early 
date (the condition at first was not carefully observed). In testing this 
about a year after the injury I noticed that on touching certain single 
spots there was sensation not only in the spot touched but in some other 
spot more or less removed from it. This is the ‘referred sensation’ 
already described by Head, RiversandSherren”. The most marked 
example of this was given by a light touch at the edge of the first knuckle; 
this caused slight local sense of touch, and a much greater tingling in an 
area on the inner border of the terminal phalanx. In touching this 
area, I found one spot which caused tingling in the spot on the knuckle 
mentioned above. The two spots may then be called reciprocal spots of 
referred sensation. There were two other reciprocal spots, one on the top 
of the finger and one at the side. Head, Rivers and Sherren attribute 
the referred sensation to a special class of nerve fibres, the ‘protopathic,’ 
when unchecked by the other class the ‘epicritic, and protopathic 
fibres they consider regenerate more quickly. If the existence of the 
two classes of nerve fibres is proved by other facts, this view is a natural 
one to take, but the referred sensation in itself seems to me to be 
explained more simply by supposing that in regeneration some of the 
sensory nerve fibres make abnormal connections just as we know may 
occur with motor fibres in regeneration. The relative amount of local 
and of referred sensation would then depend on the number of nerve 
fibres supplying a given spot which had made normal and of those 
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wkich had made abnormal connections. Reciprocal spots might be 
similarly explained but they might also be due to the branching of 
central fibres, the two branches making two separated peripheral 
connections. 

This view would be rendered improbable if referred sensation occurred 
before regeneration, and remained unaltered for some time afterwards. 

Head and Sherren’s observations were chiefly at any rate made 
after regeneration when there is a fairly large area in which referred 
sensation can occur; some further investigation of the early state in 
surgical cases is I think required. 

The question of the early occurrence of the diffuse tingling 
sensation is within the scope of laboratory investigation. According 
to Head, Rivers and Sherren™, it occurs in the intermediate zone 
soon after nerve section, and they attribute it to the presence of 
protopathic fibres which stretch out farther than the epicritic from the 
adjoining intact nerves. If a nerve is cocainised, the peripheral skin 
area it supplies is in the condition of a nerve immediately after section, 
and it seems to me that on the theory of protopathic nerves, there 
should be an intermediate zone giving on light pressure a diffuse tingling 
sensation. Dr Griffiths was kind enough to inject cocaine into the 
sheath of my left musculo-cutaneous nerve where it becomes super- 
ficial at the ankle. The injection produced cutaneous anesthesia over 
an area of the foot which will be described later. During the complete 
anzsthesia there was no spot of the skin which gave rise on being 
touched to the diffuse tingling sensation. Unless then we suppose that 
in this nerve the peripheral distribution of protopathic and of epicritic 
fibres coincide (and against this supposition is the fact that in the 
region tested there was an ‘intermediate zone’ of about 1 cm. in 
which a prick was felt but not light touch), we must I think refer the 
diffuse tingling sensation which occurs after nerve section to some 
other cause than the presence of protopathic fibres and the absence 
of epicritic. The cause which suggests itself is a pathological change 
in the nerve cells of the central nervous system which are connected 
with the cut fibres, and I think further attention should be given to 
the state of the intermediate zone immediately after nerve section. 


Head, Rivers and Sherren, Brain, 1905, p. 99; Head and Sherren, tbid. p. 116. 
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Metabolism in a Case of Coma under Rectal Feeding. 
By P. P. Lamtaw and J. H. Ryrren. 


A patient, whose age was stated to be 58, but was probably 
considerably greater, was admitted to Guy’s hospital in a state of 
‘profound coma with dysphagia. He was put on rectal feeds. From 
Aug. 31 to Oct. 17 he received the whites of nine eggs, six ounces of 
raw starch and 24 ounces of peptonised milk per diem. We thought 
that his nitrogenous metabolism would therefore be of interest. It was 
however impossible to analyse his faeces, and his total urine could not be 
obtained without a catheter, as he suffered from incontinence. After 
Oct. 25 he developed pneumonia so that further catheterisation was 
inexpedient. 

A 24 hrs. catheter specimen of urine taken Oct. 14—15 gave the 
following results : 


Vol. 1420 C.., Sp. Gr. 1010, reaction alkaline 
Total Nitrogen 464 grms. Kjeldahl 


Urea Nitrogen 33 Morner and Sjoquist 
Uric acid Nitrogen 099 Hopkins 

Creatinin Nitrogen 21 Folin 

Creatin ‘00 Folin 


Acetone and acetoacetic acid were present, and on distillation with 
50°/, sulphuric acid, an acid was obtained, which when crystallised 
from water, melted at 72° C. and decolourised bromine water. This 
acid was therefore crotonic acid obtained from oxybutyric acid in the 
urine. These three substances were also present on other occasions 
during the above period. 

Indoxyl, dextrose and albumin were absent. The bees at this 
time were colourless, bulky, semi-solid, nearly odourless, acid (due to 
lactic acid and traces of butyric), and consisted of raw starch, egg 
albumin, and a small quantity of proteose and reducing sugar. Tyrosin, 
tryptophane, indol and skatol were absent. 

Bacterial digestion appeared limited to the production of lactic acid, 
whilst absorption was confined to a portion of proteose and lactose in 
the feeds. This resulted in practically complete carbon starvation, as 
shewn by the presence of acetone, acetoacetic and oxybutyric acids 
in the urine. The nitrogenous excretion is low as compared with that 
obtained in most starvation experiments in normal individuals, but 
is roughly equal to that obtained in the later stages of fasting, as for 
instance with Succi from the 15th—20th day. Cathcart’s experi- 
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ments extended only to 14 days and the lowest figure obtained was 
778. Chittenden’s observations with ample carbohydrate and fat 
point to 6 grms. of nitrogen per diem as the minimum for nitrogenous 
equilibrium. The patient was of more than average height and in 
good condition at the beginning of the period, but wasted considerably. 
His weight, however, was not obtained. It would therefore appear that 
at the time when the 24 hrs. specimen was taken the patient was in 
a late fasting condition, analogous to that of Succi after 15 days, 
his nitrogenous waste being reduced to a minimum. 

From Oct. 17 the patient was fed by an oesophageal tube, 
receiving milk 40 ounces, Mellins Food 6 drachms, the whites of 
6 eggs, and Bovril 3 drachms per diem. A 24 hrs. specimen of urine 
Oct. 24—25 gave the following results: 


Vol. 670 C.., Sp. Gr. 1020, reaction alkaline. 


Total Nitrogen 5°17 grms. 
Nitrogen 3°95 

Uric Acid 12 

Creatinin Nitrogen ‘26 

Creatin 00 


No acetone, acetoacetic acid or oxybutyric acic. Indoxyl, however, 
was present in quantity. 

The faeces were solid, and contained sterchobilin and a trace of 
indol and skatol, also fatty acids, fats, and cellular débris. Carbo- 
hydrate starvation has here disappeared, the bacterial activity of 
the intestine has returned. The nitrogen, however, is but slightly 
increased. This may be due to the nitrogenous retention frequently 
observed after fasting. 

Beside the usual urinary pigments there was present, during 
the period of rectal feeding, a relatively very large amount of urorosein 
as a colourless chromagen. It was identified by its colour, solubility, 
the solubility of its chromagen and by its spectroscopic appearance. 
The pigment was never obtained pure, and a urobilin band always 
shewed in the spectrum. 

On the resumption of mouth feeding, the urorosein disappeared 
from the urine almost completely. The urine instead of becoming 
a deep purple red on warming with a mineral acid, shewed merely 
the brown red of normal urine so treated. Extraction with amyl 
alcohol shewed only traces of the pigment. The absence of stercho- 
bilin in the faeces and the changes observed in the pigments 
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of the urine seem to suggest that a prolonged stay of biliary 
pigments and their derivatives in the intestine is favourable for 
the production of urorosein. In this connection it is interesting to 
note that Zawadsky in 1891 obtained a substance apparently 
identical with urorosein by oxidation of pure urobilin. 


The composition and energy value of the food of the soldier. 
By M. S. Pemprey and L. E. L. Parker. 


In view of the discussion which has arisen in connection with 
Chittenden’s work upon “ Physiological Economy in Nutrition” data 
shewing the food consumed by the soldier are of interest. Such figures 
have not the exactness of those obtained in experiments upon a few 
individuals, but any defect of this kind is counterbalanced by the fact 
that they relate to large bodies of men and to long periods of time. 

The following table gives the composition and energy value of the 
peace ration and food provided by the messing allowance of four 
regiments of the British Army. The values of the articles as purchased 
have been calculated from Atwater and Bryant's tables: apart from an 
allowance which has been made for the waste due to bone all the values 
are gross. The composition of the food for each day during a month 
has been calculated and from the data so obtained the average, 
maximum and minimum have been taken. 


Date, 1907...... June April May May 

Regiment......Cavairy Depot Infantry — 
Average number of men a 143 79 108 48 
Maximum 164 160 170 138 

Protein in grammes 

per day per man | aver 187 181 142 123 
Minimum 111 116 117 11¹ 
Maximum 170 188 169 142 
N Minimum 95 90 74 102 
Carbohydrate in Maximum 518 537 493 458 
grammes per day [area 421 461 414 412 
per man Minimum 857 885 833 383 
Maximum 4224 8854 4194 8612 
— 8478 8409 3840 8248 
 \Minimum 8068 8024 2779 8082 


In addition to the above diet the soldier constantly obtains, at his 
own expense, a supper which generally contains meat, but there are no 
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data from which the value of this meal can be calculated. There is 
little doubt therefore that the minimum diet of the soldier is above 100 
grammes of protein, 100 grammes of fat and 400 grammes of carbohydrate 
and possésses an energy value above 3000 calories. 


Some observations on the morphology, histology and 
development of the mammalian pituitary body. Preliminary 
communication.) By Prrcy T. Herrina. 


Three types of pituitary body may be recognised in Mammalia :—in 
one, eg. the cat, the posterior lobe is hollow and its cavity is in free 
communication with the third ventricle of the brain, while the epithe- 
lium of the anterior lobe affords an almost complete investment for the 
posterior lobe; in the second type, eg. the dog, the body of the posterior 
lobe is solid but the neck is hollow and communicates with the third 
ventricle, the posterior lobe is here again almost completely surrounded 
by epithelium ; in the third type, eg. man, monkey, ox, pig, rabbit, the 
body and neck of the posterior lobe are solid, although traces of a cavity 
communicating with the third ventricle are occasionally found in the 
neck ; in this type the epithelium does not invest the posterior lobe so 
completely but is aggregated around the neck and spreads over the 
adjacent surface of the brain. 

The epithelial portion of the pituitary body is differentiated at an 
early stage of development into two parts, an anterior lobe proper 
consisting of columns of cells between which run wide and thin walled 
blood channels, and an intermediate part (Edinger), which forms a closely 
fitting investment to the tissue of nervous origin. 

The anterior lobe contains cells which are clear or hold in their 
protoplasm varying amounts of deeply staining granules. They are 
probably different functional stages of one and the same kind of cell 
(Saint-Remy), and the granules give rise to a secretion which is 
absorbed by the blood vessels. 

The intermediate portion consists of finely granular cells nn ar in 
layers of varying thickness closely applied to the body and neck of the 
posterior lobe and to the under surface of adjacent parts of the brain. 
The part of it which is separated from the anterior lobe by the cleft is 
almost devoid of blood vessels. Colloid material occurs between the 
cells of the pars intermedia, and appears to pass into the nervous 
_ substance to be absorbed by blood vessels or lymphatics. 
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The nervous portion of the pituitary body is made up of neuroglia 
cells and fibres, Ependyma cells line the central cavity in the cat and 
send long fibres forwards and upwards towards the brain, most of which 
terminate in the outer part of the neck. There are no true nerve cells, 
and the nerves supplying the pituitary probably reach it through 
sympathetic fibres accompanying the blood vessels (Berkley). The 
nervous portion is invaded to a large extent by the epithelial cells of 
the pars intermedia. Columns of epithelial cells grow inwards, especially 
in the region of the neck, and islets of cells are frequently found 
throughout the posterior lobe; in the pituitary of the cat epithelial cells 
may even grow into its central cavity. 

A substance, histologically resembling the colloid of the thyroid 
gland but probably of a different nature, occurs in large quantities in 
the nervous portion of the posterior lobe. It appears to be a product of 
the epithelial cells, and, in the cat at any rate, to be carried by lym- 
phatics into the central cavity and so into the third ventricle of the 
brain. In this sense the posterior lobe of the pituitary is an infundibu- 
lar gland. 

The anterior lobe of the pituitary is extremely vascular and its 
circulation sinusoidal. The posterior lobe is supplied for the most part 
by a central artery which enters it at its postero-superior angle and runs 
forward giving off branches; the veins begin immediately below the 
epithelial investment and run backwards in this situation to emerge 
near the entry of the artery. The veins of both lobes enter . blood 
sinuses lying close to the sides of the pituitary body. 

The anterior lobe and pars intermedia have their origin in common 
from a pouch of buccal mucous membrane, the portion becoming the 
pars intermedia being in close apposition with the base of the brain 
from a very early stage. In the kitten a thickening of the anterior end 
of the fore-gut develops behind-the buccal pouch but soon disappears. 
At a late stage of development in this animal the epithelium of the pars 
intermedia frequently grows into the central cavity of the posterior lobe, 
and in one specimen obtained there is an unmistakable continuity 
between the cleft, representing the original cavity of the buccal pouch, 
and the central cavity of the posterior lobe, which, as stated above, is 
in communication with the third ventricle. The third ventricle of the 
brain is thus brought into communication with the buccal pouch, but at 
a stage after the latter has been cut off from the nasal mucosa by the 
growth of the sphenoid bone and consequent obliteration of the stalk of 
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the hypophysis. These observations give support to Kupffer's“ view 
that the hypophysis represents the ‘ paleostoma’ of an ancestral form of 
vertebrate. 

In the pituitary of the human foetus (fifth month) the cells of the 
intermediate part spread for some distance over the under surface of 
the brain, and pass into it to a certain extent with the blood vessels, 
they also surround and invade the neck of the posterior lobe. 

Histological evidence is against the statement of Bela Haller that 
the anterior lobe pours its secretion into the sub-dural space. 


Differential Method of Blood Gas Analysis. By J. Barcrort. 


A glass manometer, very similar to that already in use, but with 
tubing of 1 mm. bore, is fitted with two bottles of equal volume, one 
on each limb. 

The stoppers of the bottles should be blown onto the T pieces at 
the top of the manometer (Brodie). 

Equal quantities of arterial and venous blood are put into the 
bottles, the blood is protected from air by a layer of ammonia solution 
(strength 2 c.c. of NH,, S.G. 800 in 500 c.c. of distilled water). 

The bottles are put in a water bath, and when they are in unison as 
regards temperature the blood is laked, and the oxygen may be liberated 
from each by ferricyanide in the usual way. After thoroughly shaking 
the difference in the amounts of oxygen in the two samples of blood 
may be calculated from the difference in the levels of the fluid (bile 
salts S. G. 1034, Brodie) in the manometer. 

It is not necessary however to add ferricyanide. If the laked blood 
be simply shaken, both samples will saturate themselves with oxygen 
and the same difference of level will be produced. 

The carbonic acid may be liberated with tartaric acid subsequently 
and measured differentially. 

If ferricyanide is not used for the oxygen determination, the acid 
will liberate some oxygen from the hemoglobin, but since the Hb is 
saturated the same amount will be liberated in each bottle (Zynack, 
Hill and Ham) and the differential reading will not be vitiated. 


* Kupffer, Sitsber. der Gesellschaft f. Morphol. u. Physiol. in München, Juli 1894. 
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The mechanism of vasodilation in the cat’s submaxillary 


gland. (Preliminary Communication.) By J. Barcrort. 


It has been shown that stimulation of the c. sympathetic nerve in 
the cat leads to a passing dilation of the vessels in the submaxillary 
gland. This dilation follows upon the flow of saliva and has been 
attributed by us’ to the effect of metabolites on the vessels and by 
Carlson! to dilator fibres. Our view is supported by the facts that it is 
abolished by ergotoxin and that it varies roughly with the amount of 
secretion. 

Adrenalin (after a constriction of about 30 seconds) causes a much 
more extensive dilation than stimulation of the sympathetic corres- 
ponding to the larger flow of saliva; in fact the dilation is sometimes 
as great as that produced by the chorda tympani. It is abolished by 
ergotoxin and has its maximum after the maximum of the salivary 
flow, to which it corresponds. The maximal blood flow takes place when 
the general arterial pressure has almost regained its normal level. We 
attribute this dilation likewise to metabolites. 

So great is the adrenalin dilation that the question must be asked, 
Can metabolites account for all cases of dilation in the salivary gland of 
the cat ? (1) The duration of salivary secretion caused by stimulation 
of the chorda tympani varies much in different cats; the dilation 
varies similarly but lags a little in every case. (2) Ligature of 
Wharton’s duct greatly reduces or even abolishes the increased blood 
flow caused by stimulation of the chorda. This might be explained by 
supposing the pressure set up in the alveoli squeezed the vessels, yet 
artificial pressure applied to the duct has not this effect. These facts 
(1 and 2) are easily explained on the theory that the dilation is due to 
metabolites. In the cat the dilation which takes place in the atropinised 
gland is much less lasting than in the normal gland. Investigations on 
the atropinised gland are being carried out to test how far there is 
a production of metabolites when it is stimulated. If there is such 
a production, the hypothesis of dilator fibres in the chorda of the cat 
seems superfluous. 


1 This Journal, xxxv. p xix. 
2 American Journal of Physiology, August 1907. 
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The Proteins of Rice. (Preliminary communication.) By O. 
RosENHEIM and S. KAJIURA. 


Although rice forms the staple food of many oriental races, it is 
a curious fact that hitherto the proteins of this cereal have not been 
subjected to a thorough investigation. It appears especially necessary to 
study the cleavage products of the rice-proteins in the hope that some 
clue may be found to the aetiology of the disease Beri-Beri which, as is 
well known, is very prevalent among the rice eating nations. Many 
observations, especially those made by the Japanese during the late 
war, prove that a diet, consisting mainly of rice, is a predisposing factor 
in the causation of this disease, and in the absence of any satisfactory 
explanation of this fact, it occurred to us that the presence or absence 
of certain proteins, or of their cleavage products might possibly throw 
some light on this subject. 

On account of the small quantity of proteins present (about 7 per 
cent. of the grain as used for food) the isolation of these substances 
presents considerable difficulties. 

So far the following have been obtained : 

1. Albumin and globulin. By means of dilute salt solutions, small 
quantities of an albumin and a globulin can be dissolved out from finely 
powdered rice. The two proteins together only account for about 8 per 
cent. of the total protein present, and of the two, globulin is the more 
abundant. Thus from 5 kilogrammes of rice an average yield of about 
7 grammes of globulin and 2 grammes of albumin was obtained. The 
globulin is coagulated at 70° and the albumin at 85°C. They may be 
separated by fractional heat coagulation, by fractional precipitation 
with ammonium sulphate, or by dialysis. The small yield of these 
proteins has hitherto prevented us from obtaining sufficient material 
for the examination of their cleavage products. 

2. A protein which is insoluble in water, salt solutions, and dilute 
alcohol, This represents the bulk of the rice proteins. It is soluble in 
dilute alkali (0°2 per cent. potassium hydroxide) and it is by means of 
this solvent that we have isolated it. It is precipitable from its 
solution by neutralisation, either with a mineral acid or carbon dioxide. 
The precipitate when dried is.a white powder. It gives all the usual 
protein colour reactions. Its composition and cleavage products are 
being investigated both qualitatively and quantitatively. 
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These three proteins appear to be the only ones present in rice and 
we propose to call them respectively : 


Rice-globulin, 
Rice-albumin, 
and Oryzenin'. 


The absence of any protein soluble in alcohol is a characteristic 
feature of rice. From three kilogrammes of powdered rice we only 
obtained on the average 04 grammes of a nitrogenous substance soluble 
in dilute alcohol, and it is doubtful whether this is really or wholly a 
protein. This fact obviously explains the unsuitability of rice for bread 
making, for both an alcohol-soluble protein (gliadin) and an alcohol- 
insoluble protein (glutenin) appear to be necessary for the formation of 
gluten, the essential constituent of dough. All our attempts to obtain 
gluten from rice have up to the present been unsuccessful. 

The absence of an alcohol-soluble protein is further suggestive in 
reference to the question of Beri-Beri. The gliadins of other cereals 
(the gliadin of wheat and rye, the zein of maize and the hordein of 
barley) are characterised by the extremely high percentage (36 or more 
per cent.) of glutaminic acid amongst their cleavage products. It has 
been stated that the addition of barley to a rice diet prevents outbreaks 
of Beri-Beri and this was confirmed by actual experience in the 
Japanese Navy and elsewhere. In the light of our results, this fact 
may possibly be due to the increased supply of glutaminic acid in the 
alcohol-soluble protein of barley (hordein). We propose to extend our 
observations and to decide the last point by feeding experiments, 
particularly on fowls, which are especially susceptible to a disease very 
similar to Beri-Beri. 


1 The name of the protein soluble in alkali is derived from the botanical name of 
rice (oryza) and the termination CCC 
substance to the glutenin of wheat. 
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Estimation of gases in human blood by the chemical 
method. By J. Barcrorr and P. Morawirz. 


In view of some uncertainty (Journal of Physiol. xxv. p. 335. 1899— 
1900) as to the efficiency of the Ferricyanide method for human blood 
we have made determination of the oxygen capacity of the blood of 
five persons. In every case the result has corresponded closely with 
that given by Haldane’s Hamoglobinometer. 

On two occasions we made comparisons between the chemical 
method and the blood-gas pump. The following results may be taken 
as a sample. 


Gases in blood of M. which had been saturated with oxygen. 


Method :— By Ferricyanide App. By Blood-gas 
: Observer: M. B. M. 4 R 
0. 21°9°/, | 21-4°/, 
2179 22°2 
50-1 49-8 50°7 
49-9 49°7 


Individual: M. B. 0. R. B’* T. 
By Hemoglobinometer 23 #4197 164 854 £220 
By Ferricyanide method 217 197 j%DWd 187 B55 #£21°8 
* Centrifugalised corpuscles. 
ERRATUM. 


In Proceedings, May 18, p. xlix. 1907, List of Contents, Vol. xxxv. of the 
Journal, for A. Miriam Bruce read A. Ninian Bruce. 
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